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INTRODUCTION 
Monoclonal antibodies (M-Abs) produced by somatic cell hybridization 
(Kohler and Milstein, 1975) have great potential for the study of plant 
viruses. They have been shown to be applicable to virus detection 
(Gugerli and Fries, 1983; Hill et al., 1984), as well as for serological 
differentiation (Briand et al., 1982; Gugerli and Fries, 1983; Halk et 
al., 1984; and Hsu et al., 1984). The objectives of these research 
projects were to demonstrate the utility of M-Abs for both basic and 
applied studies of plant viruses. This dissertation, presented as four 
independent manuscripts submitted for publication in scientific journals, 
describes the use of M-Abs for molecular characterization, serological 
detection, and affinity purification of agriculturally important plant 
viruses. 
Barley yellow dwarf virus (BYDV), the type member of the luteovirus 
group (Rochow and Israel, 1977), comprises a number of obligately 
aphid-transmitted phloem-limited viruses of Gramineae that occur worldwide 
in wheat, barley, oats and many perennial grasses (Rochow, 1970). 
Transmission of the virus is aphid dependent. Several distinct isolates 
have been given acronyms based upon specificity of aphid transmission 
(Rochow, 1969; Johnson and Rochow, 1972). Of these, RPV is specifically 
transmitted by Rhopalosiphum padi, MAV is specifically transmitted by 
Macrosiphum (= Sitobion) avenae, and PAV is nonspecifically transmitted by 
both aphid species. These three isolates also differ immunologically such 
that, in tests with polyclonal rabbit antisera, MAV and PAV are distinct 
but related, whereas RPV is unrelated to these (Rochow and Carmichael, 
1979). 
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One manuscript describes the production of M-Abs against these three 
isolates of BYDV and their use in studies of relationship by enzyme—linked 
immunosorbent assays (ELISA). We report the presence of a common epitope 
on all three virus isolates and the presence of at least two specific 
epitopes on the P-PAV isolate. This is the first reported evidence for a 
serological relationship among all three virus isolates. 
Due to the phloem-restricted nature of the virus (Jensen, 1969; 
Paliwal and Sinha, 1979) BYDV occurs in very low titers in infected 
plants, making detection and differentiation of BYDV isolates a difficult 
task. Diagnosis based solely on symptoms is unreliable because many other 
agents can induce similar host reactions (Banttari, 1965; Gill et al., 
1969). Additionally, BYDV infected plants can be symptomless (James and 
Halstead, 1969) or have their symptoms masked by mid-summer temperatures 
(Gill et al., 1969). Differentiation schemes based on aphid transmission 
tests are time-consuming, laborious (Lister and Rochow, 1979), and require 
repeated acquisition and transmission tests for positive identification 
(Rochow, 1969). Serological testing by ELISA, although faster and less 
labor-intensive, requires testing of each sample with multiple antisera 
preparations to ascertain the presence, or absence, of each BYDV isolate 
(Lister and Rochow, 1979; Rochow and Carmichael, 1979). These procedures 
are also subject to the limitations of available polyclonal antisera, and 
have limited sensitivity. 
Serologically specific electron microscopy (SSEM) (Derrick, 1973), 
combining the specificity of serology with the sensitivity of electron 
microscopy, has been applied to detection of BYDV isolates by using 
MAV-specific polyclonal antiserum (Paliwal, 1977). The procedure was 
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inefficient at detecting the heterologous RPV and RMV isolates of BYDV. 
Our study describes efficient detection of the P—PAV (isolated by R. M. 
Lister), RC-PAV (isolated by W. F. Rochow), MAV, and RPV isolates of BYDV 
by using single M-Abs in SSE*1. This provides a distinct advantage over 
the polyclonal antibody based SSEM described by Paliwal (1977) and is the 
first report of successful use of M-Abs in SSEM of plant viruses. 
Hill et al. (1984) developed a M-Ab based solid-phase 
radioimmunoassay (SPRIA) for the detection of soybean mosaic virus (SMV). 
We describe the preparation of a highly sensitive, non-isotopic, 
immunoassay for the detection of SMV antigen in infected seeds. Unlike 
the immunoassays utilizing polyclonal capture antisera and M-Ab detecting 
antibody (Gugerli and Fries, 1983; Hsu et al., 1984), our assay relies on 
two M-Abs specific for different epitopes on the virus particle. The 
dual-M-Ab system (M-Ab-ELISA) has distinct advantages over the mixed 
polyclonal-M-Ab systems. This assay obviates the need for continued 
production of polyclonal antisera, and provides for the use of 
standardized reagents in different laboratories. The assay, which 
utilizes a biotin-avidin detection system, is capable of detecting SMV at 
a concentration of 1 to 5 ng of purified virus per ml, and less than 10 ng 
per ml when in the presence of seed extract. When field-collected seed 
samples were assayed by M-Ab-ELISA and polyclonal antibody based SPRIA 
(Bryant et al., 1983), the results of the two tests correlated 94% 
indicating the potential utility of M-Ab-ELISA for routine screening 
assays. 
Purification of plant viruses is often difficult and time consuming. 
Many purification procedures involve extraction, clarification. 
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precipitation, differential centrifugation, density gradient 
centrifugation, and concentration to achieve highly purified virus 
preparations (Matthews, 1981). Gel filtration procedures are generally 
less time-consuming but require much processing of tissues prior to 
chromatography and often yield preparations contaminated with high 
molecular weight host components (Hewish and Shukla, 1983). 
Antibodies immobilized onto support matrices have been used to purify 
a wide variety of biological compounds such as bacterial proteins (Sjoberg 
and Holmgren, 1973), enzymes (Melchers and Messer, 1970; Erickson and 
Steers, 1970), hormones (Akanuma et al., 1970; Weintraufa, 1970; Murphy et 
al., 1973), and animal viruses (Kenyon et al., 1973; Sweet et al., 1974). 
M-Abs, because of their high specificity, have become attractive reagents 
for use in immunoaffinity procedures (Secher and Burke, 1980; Novick et 
al., 1982, 1983). The use of M-Abs as immunosorbents for affinity 
chromatography can result in single-step procedures yielding high levels 
of purity. 
We report the purification of SMV by affinity chromatography. An 
immunosorbent was prepared by covalently coupling M-Abs to an agarose 
support matrix. The immunoaffinity column was used to purify SMV from 
plant sap. Affinity purified virus was essentially identical to virus 
purified by standard methods, suggesting the potential for use of the 
technique in large-scale purification of a variety of plant viruses. 
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LITERATURE REVIEW 
Barley Yellow Dwarf Virus 
Barley yellow dwarf virus (BYDV) was first recognized as a virus 
disease of cereals in 1951 when it was discovered in California by Oswald 
and Houston (1951). The virus was found to be transmitted by aphids, but 
it was not transmissible by mechanical inoculation of infected leaf 
extracts. By 1952, four species of aphids capable of transmitting BYDV 
were identified (Oswald and Houston, 1952), and by 1953 BYDV had been 
isolated and identified from diseased crops in Arkansas (Rosen, 1952), 
Minnesota (Moore, 1952), Mississippi (Summers and Bo%fman, 1953), and Iowa 
(Wilson and Murphy, 1953). Since that time BYDV has become recognized as 
the most widespread and destructive virus-caused disease of small grains, 
being distributed widely in over 100 monocotyledonous species including 
barley, oats, wheat (Rochow, 1970), and several perennial grasses, such as 
bluegrass, bromegrass, red fescue, and ryegrass (Fargette et al., 1982). 
Although Barley yellow dwarf was first recognized as a viral—induced 
disease in 1951, many earlier reports of widespread-disease in plants were 
probably due to BYDV. In addition to the gross morphological symptoms of 
yellowing and stunting (dwarfing) typically expressed in barley, BYDV 
causes "red-leaf" of oats (Moore, 1952; Oswald and Houston, 1952, 1953a). 
Blade blight of oats, reviewed by Manns in 1909, was a red leaf disease of 
oats that reached epidemic proportions in 1907. Manns (1909) postulated 
that blade blight of oats (oat red leaf) was caused by coinfection of 
plants with two symbiotic bacterial species. However, pathologists were 
7 
unable to corroborate bacteria as the etiological agents (Bruehl, 1961). 
Detailed accounts by Manns (1909) led Bruehl (1961) to speculate that BYDV 
was the causative agent of the oat red leaf epidemic of 1907. Plant lice 
(aphids) were reported to be unusually abundant on oats in those years, 
but researchers found no conclusive evidence to suggest that aphids were 
responsible for the disease; they speculated that the cause of the oat 
malady was the cold, wet spring. Manns (1909), recognizing the numerous 
reports of abundant aphids, caged English grain aphids Macrosiphum 
granarium (Kirby) from blighted oats on healthy seedlings. Symptoms of 
blade blight appeared 10-12 days after caging, while control plants 
remained healthy. Although Manns (1909) recognized that aphids could 
spread the disease, his observations led him to speculate that aphids 
acted as vectors of bacteria. In 1890, Galloway and Southworth described 
a mysterious malady of oats that spread from New England to Georgia and 
westward to Illinois and Indiana. Diseased plants were dwarfed, reddened, 
poorly tillered, showed symptoms under various conditions of soil and 
moisture, and were not consistently associated with any animal or fungal 
parasites. The greenbug Toxoptera graminum was reported to be extremely 
pervasive in 1890 and 1907, and weather conditions were particularly 
adverse to natural enemies of aphids during the spring of those years 
(Webster and Phillips, 1912). A "red—blade" of oats was reported in 
Washington in 1918 and, several years later in Oregon, Sprague (1936) 
reported a similar oat malady. The cause was thought to be cold 
temperatures during early development of the plants along with such 
contributing factors as heavy rains, nutrient leaching, and water-logged 
soils containing a high carbon dioxide content (acidity) (Sprague, 1936). 
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Barrus, in 1937, described a red leaf disease of oats which was prevalent 
in New York. The symptoms and field occurrence of the disease reported by 
Barrus were very similar to BYDV symptoms described by Oswald and Houston 
(1951). 
The first major epidemic conclusively attributed to BYDV occurred in 
1959; BYDV incited the most serious single disease of oats in the United 
States, causing severe production losses in the oat belt (Murphy, 1959, 
1960; Bruehl, 1961). The virus is still of major economic importance 
worldwide. One of the contributing factors to the continued success of 
BYDV as a pathogen is the wide diversity of host species which the virus 
can infect (Oswald and Houston, 1953b; Bruehl and Toko, 1957; Rochow, 
1959; and Watson and Mulligan, 1960). Included in the host range are a 
wide variety of lawn, weed, pasture, and range grasses; some of which are 
symptomless carriers of BYDV. Bruehl (1961) pointed out that because 
grass species are ubiquitous, BYDV has a variety of hosts and reservoirs 
wherever its major economic (barley, wheat, and oats) hosts are grown. 
BYDV can be transmitted non-persistently by at least 18 species of 
aphids (Ajayi and Dewar, 1983), but it cannot be mechanically transmitted 
and it is not seedborne (Bruehl, 1961). Several strains of BYDV can be 
differentiated based on specificity of aphid transmission. However, 
because of the existence of numerous incompletely characterized isolates 
of each strain, barley yellow dwarf viruses are conventionally called 
"isolates"; the isolates being differentiated based on aphid 
transmissibility (Rochow, 1965). Most current research with BYDV involves 
five distinct isolates of the virus. These five isolates are RPV, 
transmitted specifically by the aphid vector Rhopalosiphum padi 
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(Linnaeus); RMV, transmitted specifically by R. maidis (Fitch); MAV, 
transmitted specifically by Macrosiphum avenae (Fabricius); SGV, 
transmitted specifically by Schizaphis graminum (Rondani); and PAV 
transmitted nonspecifically by R. padi and M. avenae (Gill, 1969; Saksena 
et al., 1964; Toko and Bruehl, 1959). The aphid vector S. graminum also 
transmits RPV and PAV, but less consistently than does padi (Rochow, 
1970). 
Rochow and Pang (1961) demonstrated that the inability of an aphid 
species to transmit BYDV was not due to failure to acquire the isolate. 
When MAV was injected into M. avenae and R. padi, it was only transmitted 
by R_2_ padi. Furthermore, when they incubated Rj^ padi on MAV infected 
plants the aphids could not transmit the virus to healthy plants. 
Injection of hemolymph from these aphids into nonviruliferous M. avenae, 
however, resulted in transmission of the virus. 
Rochow (1965) noted that plants which were infected with RPV and MAV 
displayed symptoms that were more severe than plants infected with RPV or 
MAV alone. A breakdown in the specificity of aphid transmission was also 
associated with these plants. It has been shown that R. padi could 
transmit both RPV and MAV, but avenae could only transmit MAV, from 
doubly infected plants. This apparent breakdown in vector specificity was 
thought to be due to one of two possible mechanisms. The first 
possibility was that R^ padi served as a helper virus whose presence was 
required for transmission of MAV by R_^ padi. This helper virus phenomenon 
has been demonstrated for several other plant viruses (Kassanis, 1963). 
However, when R^ padi acquired RPV prior to exposure to MAV, either 
through feeding on MAV infected plants or by injection with viruliferous 
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M. avenae-hemo1ymph, only RPV could be transmitted (Rochow, 1973). These 
experiments suggest that RPV does not act as a helper virus for MAV 
transmission. Furthermore, when separately purified preparations of RPV 
and MAV were mixed and introduced to aphids, either by membrane feeding or 
injection, only RPV was transmitted by R. padi. Both RPV and MAV could be 
transmitted, however, when injected or membrane-fed with virus purified 
from doubly infected plants. The mechanism believed to be responsible for 
the breakdown in vector specificity in doubly infected plants is 
transcapsidation (Rochow, 1973). During simultaneous synthesis of the two 
isolates in doubly infected plants, the nucleic acid of MAV is thought to 
be encapsidated in the protein coat of RPV. These transcapsidated 
particles are transmitted by R. padi because of the RPV protein coat, and 
behave in plants as MAV because of the MAV genome. There is no evidence, 
however, for phenotypic mixing (BYDV genomes surrounded by both RPV and 
MAV proteins), or transcapsidation of the RPV genome by the MAV protein 
coat. 
The obligate requirement of aphids for transmission of BYDV has 
stimulated much research into the mechanism of transmission. BYDV can 
persist in its aphid vector for a long period of time. Rochow (1959) 
found that once aphids acquired the virus they were able to transmit it 
for as long as they lived (11-12 days). The circulative nature of the 
virus in its aphid vectors was demonstrated by transmitting the virus 
through injection of hemolymph from viruliferous aphids into virus free 
aphids (Mueller and Rochow, 1961). A latent period of BYDV in the 
vectors, although poorly defined in terms of a minimum, has also been 
demonstrated (Rochow, 1963). It has been shown that aphids can inoculate 
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and reacquire BYDV from a plant in a minimum of three days (Gill, 1969). 
Paliwal and Sinha (1970) examined whether BYDV could replicate in its 
aphid vector, as has been reported for sowthistle yellow vein virus 
(Richardson and Sylvester, 1968). Using a bioassay for infectivity they 
were able to demonstrate that the virus could not be serially transmitted 
aphid to aphid for more than a few passages. Also, by assaying the titer 
of BYDV in the gut of viruliferous aphids feeding on healthy plants, they 
demonstrated that the number of BYDV particles in an aphid decreases with 
time. This suggested that BYDV does not replicate in the gut. When 
purified virus, or hemolymph from viruliferous aphids, was injected into 
the hemocoel of virus—free aphids, the aphids could transmit BYDV even 
though no BYDV could be found in the gut (Paliwal and Sinha, 1970). 
Because the movement of material is unidirectional between the gut and the 
hemocoel, these results suggest a possible role of the salivary glands in 
BYDV processing. 
Gildow and Rochow (1980) observed only transmissible isolates of BYDV 
within aphid accessory salivary gland cytoplasmic structures, although 
both transmissible and nontransmissible isolates were capable of 
penetrating the accessory gland basal lamina. Seemingly, only 
transmissible isolates penetrate the accessory gland plasmalemma, move 
through the cytoplasm, and enter the intracellular canals which drain the 
secretory cells. This suggests that a selective mechanism, determining 
transmissibility of BYDV isolates, involves penetration of BYDV particles 
through the accessory gland plasmalemma. Recognition between the protein 
capsid of specific virus isolates and virus receptors in the accessory 
salivary gland which allows transmissible isolates to enter the gland, but 
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excludes nontransmissible isolates, could explain persistence of BYDV in 
vectors for long time periods. A limited number of viral receptors on the 
accessory salivary gland would conserve virus in the hemocoel by 
regulating the flow of virus through the salivary system (Gildow and 
Rochow, 1980). Although there are several possible locations where such a 
mechanism could function, the involvement of coated vesicles and coated 
pits in selective uptake of BYDV has recently been suggested (Gildow, 
1982). Selective endocytosis and exocytosis of BYDV particles by coated 
vesicles may be an important mechanism in transporting the virus out of 
the aphid. 
Much effort has been directed towards elucidating differences among 
the BYDV isolates, especially with regard to aphid transmissibility. It 
is believed that a thorough understanding of the nature of these 
differences might lead to improved measures for control of BYDV infection. 
In an effort to characterize the relationship between the PAV, MAV, and 
RPV isolates of BYDV, Aapola and Rochow (1971) examined the interaction 
between these virus isolates in plants. Plants inoculated with RPV 
together with one or both of the other virus isolates developed symptoms 
which became more severe than did those of comparable singly infected 
plants. In most plants, mixtures containing RPV produced a synergism in 
symptoms. Plants doubly infected with PAV and MAV had more severe 
symptoms than those infected with PAV alone, but the increase in symptom 
severity of such doubly infected plants was less striking than in plants 
infected with a mixture that contained RPV. In cross protection tests 
between pairs of the virus isolates, inoculation with MAV prevented 
establishment of PAV infection when the second (PAV) inoculation was 
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performed at least four days after the first (MAV). Similarly, plants 
infected with PAV were protected from challenge infection by MAV when the 
interval between inoculations was at least 4 days. No protection was 
found in any test with RPV and either MAV or PAV, even when the infected 
plants were challenged after 16 days, a time at which symptoms of RPV 
infection were clearly visible. 
The most widely accepted model of BYDV specificity is based on 
interactions of virus capsid protein with membranes, or receptors, on the 
aphid accessory salivary gland. Specificity could also be due to 
variations in protein structure among the virus isolates, or among virions 
of one isolate. It is believed that there is a difference in the aromatic 
amino acid content of BYDV coat proteins (Brakke and Rochow, 1974). 
Similarly, physiological or morphological differences in the salivary 
glands of aphids, as illustrated by differences among aphid species or 
variations among biotypes of one aphid species, could also be responsible 
for the pattern of specificity. Rochow, Foxe and Muller (1975) examined 
this model to see if changes in specificity could result from either 
variations in the virus isolates or in the aphid vectors. They attempted 
to change either the conformation of the virus coat protein, or its amino 
acid content, by interacting virus with a variety of chemicals known to 
affect proteins. The chemicals they used for virus treatment included 
urea, succinic anhydride, diethyl pyrocarbonate, 0-methylisourea, 
N-ethylmaleimide, iodine, and carboxypeptidase. Although some of the 
chemicals inactivated the virus, preventing or reducing homologous 
transmission, none successfully altered vector specificity. A second 
approach they used to test the hypothesis of vector specificity was 
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directed at the aphid. They attempted to alter specificity by inducing 
physiological changes in the vector by using chemicals known to enhance 
pinocytosis, cause leakage, or expedite chemical transfer across 
membranes. The chemicals used in these tests included poly-L-ornithine, 
poly-D-lysine, Filipin, Nystatin, ouabain, and gramicidin D. Again, they 
had no success in altering vector specificity. Also, by using varying 
concentrations of NaCl, KCl, CaCl^» HgCl^, MgCl2, and AlCl^, as well as 
mixtures of the chemicals mentioned previously, they were unsuccessful at 
altering the specificity of transmission. Even though these somewhat 
limited tests were unsuccessful, Rochow, Foxe, and Muller (1975) did not 
feel this study discredited the protein/receptor model of BYDV 
specificity. 
The physical properties of the BYDV isolates are almost identical. 
The isolates are isometric particles which are 24—26 nm in diameter 
(Rochow, 1970), they contain a continuous single-stranded RNA of molecular 
weight 2 X 10^ (Brakke and Rochow, 1974), they have a sedimentation 
coefficient of 115-118S (Rochow, 1970), a single coat protein with a 
molecular weight of approximately 24,500 (Scalla and Rochow, 1977; Hammond 
et al., 1983), and a ^£60''*^280 of 1-72-1.77. 
Untreated RNA from RPV is more compact than RNA from MAV and PAV, as 
shown by a slightly faster sedimentation coefficient (33.8S versus 32.65, 
respectively) and a slightly faster migration rate in polyacrylamide gel 
electrophoresis (Brakke and Rochow, 1974; Hammond et al., 1983). Virus 
can be recovered, by aphid transmission, from crude sap diluted 1/1000, 
and the thermal inactivation point (10 min) in both crude and partially 
purified preparations is between 65 and 70 C (Heagy and Rochow, 1965). 
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Many researchers have examined BYDV isolates for serological 
relationships. Serological tests have been especially important for 
studies of luteoviruses such as BYDV because of the lack, of mechanical 
virus transmission to plants, low virus titer in infected plants, and 
difficulties in the use of aphids for virus transmission work. When 
antisera against BYDV was mixed with virus and then introduced into aphids 
by membrane feeding or by injection into hemocoels, transmission of the 
homologous isolates was blocked (Rochow and Ball, 1967). In some cases, 
heterologous virus transmission could also be blocked. Antisera developed 
against MAV blocked transmission of MAV and PAV, but not RPV. Antisera 
developed against RPV, however, blocked transmission of the RPV isolate 
only. 
No reactions occurred in Ouchterlony double-diffusion tests with RPV 
and heterologous antisera, but cross-reactions were observed in tests with 
the MAV and PAV isolates (Aapola and Rochow, 1971). Spur formations 
showed that the MAV and PAV are related, but serologically distinct, 
isolates. When a mixture of MAV and PAV specific antisera was placed in 
one well and each of the isolates alone in adjoining peripheral wells, a 
precipitin pattern with partial fusion of double spurs developed. That 
MAV and PAV each has its own specific antigenic determinants or sites was 
clearly illustrated when both antigens were allowed to react against MAV 
antiserum. Formation of a distinct spur by the homologous (MAV) antigen 
indicated unique antigenic sites for MAV. Partial fusion with the 
heterologous (PAV) reaction line, on the other hand, showed that both 
viruses share common antigenic determinants. The reverse tests with PAV 
antiserum gave similar results. 
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Additional studies, by Aapola and Rochow (1971), on the serological 
relationships among the BYDV isolates were based on micro intragel 
cross-absorption tests- RPV mixed with MAV— or PAV—specific antiserum was 
not different from unadsorbed controls. Similarly, MAV and PAV were 
unaffected by adsorption with RPV antiserum. The relative relationship 
between PAV and MAV was again observed in these experiments. No reactions 
were detected in tests with PAV following absorption with MAV antiserum, 
but MAV was not completely adsorbed by PAV antiserum. 
In another kind of cross-absorption assay, the relative amount of 
each antigen remaining after absorption was estimated directly by 
analytical sucrose gradient centrifugation. Mixing of MAV or PAV with RPV 
antiserum had no effect on virus concentration. However, in contrast to 
previous results with RPV, two-thirds of the RPV isolate was absorbed by 
PAV antiserum. Titration of the absorbing antiserum, performed by using 
homologous (PAV) antigen in agar diffusion tests, showed no reduction in 
the homologous titer of PAV antiserum following absorption with RPV. This 
suggests the presence of distinct RPV-specific antibodies in antiserum 
developed against PAV. Because RPV reacted with PAV antiserum in only one 
type of cross-absorption test, Aapola and Rochow speculated that either 
there was a distant relationship between RPV and PAV, or the results were 
due to an anomalous nonspecific reaction. 
Although the PAV and MAV isolates are serologically distinct from the 
RPV isolate in many kinds of comparisons (Aapola and Rochow, 1971; Rochow 
et al., 19713, there are other comparisons that suggest the existence of a 
serological relationship. Neutralization of virus infectivity by immune 
serum is often used as a decisive criterion for the serotype of a viral 
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isolate. However, most studies with antisera to plant viruses have used 
reactions other than virus neutralization for diagnosis and serotyping. 
In neutralization tests with BYDV, Rochow and Muller (1975) injected 
aphids with BYDV antiserum prior to virus acquisition. They noted a clear 
relationship between the numbers of aphids transmitting virus and the 
dilution of homologous antiserum used. They also reported a reduction of 
virus transmission in aphids injected with heterologous antiserum; 
heterologous antiserum reduced transmission of MAV by avenae more than 
RPV transmission by ^  padi. 
Antisera against the PAV, MAV and RPV isolates of BYDV neutralized 
the infectivity of another luteovirus, beet western yellows virus (BIJYV) 
(Duffus and Rochow, 1978). In contrast, none of the 29 different antisera 
against 23 different plant viruses neutralized BWYV. These results 
demonstrated a serological relationship between BWYV and BYDV, and also 
suggested a serological relationship among the BYDV isolates. Antiserum 
against the RPV isolate of BYDV was more effective than antisera against 
either the MAV or PAV isolates in neutralizing the infectivity of BlfYV, 
even though the BYDV antisera did not differ in titers for homologous 
antigen. Therefore, it appears that BWYV is more closely related to the 
RPV isolate than to either the MAV or PAV isolates. 
In reciprocal reactions, antiserum against BWYV neutralized the RPV 
isolate of BYDV, but not the MAV or PAV isolates (Rochow and Duffus, 
1978). Thus, the RPV isolate of BYDV is seemingly more closely related to 
BWYV than to the MAV and PAV isolates of BYDV. The RPV, PAV, and MAV 
isolates are interrelated serologically through their common reactions 
with BWYV, but these relationships are not as clear in direct serological 
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comparisons of the BYDV isolates. These results suggest that BWYV is 
intermediate in serological relationship between the MAV and PAV, and RPV 
isolates of BYDV. 
Polyclonal antibodies produced against the MAV isolate of BYDV 
detected four vector-specific and the PAV isolate of BYDV in serologically 
specific electron microscopy (SSEM) (Paliwal, 1977). Although the mean 
virus particle counts were relatively small with the RPV and RMV isolates, 
as compared to the MAV, PAV, and SGV isolates, the control grids rarely 
captured a virus particle. These experiments demonstrated the existence 
of a serological relationship among all the BYDV isolates, but they also 
divided the isolates into two serologically related groups. The MAV, PAV, 
and SGV isolates form one group with close antigenic relationships, and 
the RPV and RMV isolates form another. 
Gill and Chong (1976, 1979) have also presented evidence for the 
division of BYDV isolates into two subgroups. Based on a cytopathological 
study of BYDV infected plants they also found that the RPV and RMV 
isolates of BYDV form a group distinguishable from the MAV, PAV, and SGV 
isolates. Gildow et al. (1983) studied the double-stranded RNA species 
associated with BYDV infected oat plants. They concluded that, based on 
the numbers and electrophoretic mobilities of RNA species from plants 
infected with each isolate, the subgrouping of BYDV isolates into two 
groups was supported at the RNA level. 
IVhen examined by enzyme linked immunosorbent assay (ELISA), five 
isolates of BYDV, transmitted in a vector-specific manner by four aphid 
species, are serologically distinguishable (Lister and Rochow, 1979; 
Rochow and Carmichael, 1979). Although these isolates can be 
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differentiated by ELISA, heterologous reactions can be used to divide the 
isolates into two groups. In these assays the RPV and RMV isolates shared 
common antigenic determinants, but were distinct from the related MAV and 
PAV isolates. The SGV isolate did not react strongly with any of the four 
virus-specific heterologous antisera, but weak reactions suggested a 
relationship with PAV. 
Recently, researchers have started using monoclonal antibodies to 
study BYDV. Our laboratory has reported on the production of monoclonal 
antibodies that recognize the PAV, MAV, and RPV isolates of BYDV (Diaco et 
al., 1983). These results confirmed the presence of common epitopes from 
both serological groups of BYDV. Rochow's group has also produced 
monoclonal antibodies against BYDV (Hsu et al., 1984a). Their monoclonal 
antibodies, however, only recognize group specific determinants on BYDV. 
Of the seven virus-specific antibodies they described, three reacted only 
with RPV, one reacted only with MAV, two reacted with both MAV and PAV, 
and one reacted with MAV and SGV. 
Soybean Mosaic Virus 
Soybean mosaic virus (SMV) is a phytopathogenic agent that can be 
responsible for significant yield losses throughout soybean producing 
areas. The virus was first reported in Connecticut in 1916 (Clinton, 
1916), and was later isolated in other states (Tolin and Roane, 1975; 
Ghabrial et al., 1977). The pathogen is now considered to be coexistent 
with soybean cultivation throughout the world (Koshimizu and lizuka, 1963; 
Bos, 1972; Porto and Hagedorn, 1974, 1975b; Signoret et al., 1975; Cho and 
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Chung, 1976; Lockhart and Fisher, 1976; Singh et al., 1976). The wide 
geographic range of SMV has been attributed to the commercial distribution 
and planting of infected seed. The high incidence of SMV throughout major 
soybean producing areas, and the ease with which it can be introduced into 
new areas, emphasizes the need for suitable screening procedures for 
certification of commercial seed. 
The agent, (SMV), resembles other members of the potato virus Y group 
in particle size and morphology, modes of transmission, and other 
biological and biophysical properties. They are long flexuous rods 
measuring 680-900 X 11 nm (Fenner, 1976; Hamilton et al., 1981), their 
capsid consists of multiple copies of a single protein of molecular weight 
23-36,000 (Hill and Benner, 1980a), and they contain a single stranded, 
positive—sense, RNA genome of molecular weight 2.3-3.5 X 10^ daltons 
(Hamilton et al., 1981; Hill and Benner, 1980b). The disease symptoms 
induced by SMV infection are varied (Koshimizu and lizuka, 1963; Walters, 
1963), and are dependent upon cultivar, age of plants at the time of 
infection (Ross, 1969a), virus strain (Ross, 1969b, 1975), and 
environmental factors such as temperature (Dunleavy et al., 1970; Ross, 
1970; Porto and Hagedorn, 1975a), and light (Ross, 1970). Infected plants 
often exhibit numerous physiological and biochemical changes including 
reductions in seed germination (Quiniones et al., 1971), nodulation and 
nitrogen fixation (Tu, 1973, 1977; Tu and Ford, 1970), and seed oil 
content (Demski and Jellum, 1975), delayed maturity, as well as changes in 
free amino acid (Gupta and Joshi, 1976; Tu and Ford, 1970), starch, and 
lipid (Lee and Ross, 1972) concentrations. Most important, however, is 
the effect of SMV infection on seed quality and quantity (Kennedy and 
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Cooper, 1967; Dunleavy et al., 1970; Demski and Jellum, 1975). A 
correlation was observed between the presence of SMV in seed and 
susceptibility to fungal infection (Ross, 1977; Hepperly et al., 1979). 
Distortion, cracked testas, wrinkling, seed coat mottling, and reduced 
seed size are also commonly associated with SMV infections. All of these 
tend to reduce seed quality, and therefore reduce the marketability of the 
seed at the elevator and in international commerce. Reduced seed size may 
also have an effect on yield performance because small seeds tend to be 
hard and take up less water, consequently, they germinate slower which 
retards seedling growth (Ross, 1968, 1969a). 
The effects on seed quality are secondary only to the yield losses 
induced by SMV. Infected plants are subjected to greater environmental 
stress; consequently, fewer seeds are set per pod. Yield reductions range 
from 20 to as high as 90 percent (Koshimizu and lizuka, 1963; Quiniones et 
al., 1971; Hepperly et al., 1979; Ross, 1968, 1969a, 1977), with actual 
loss depending on virus, host, and vector relationships. Even greater 
losses may occur when multiple virus infections include bean pod mottle 
virus, bean yellow mosaic virus, or tobacco ringspot viruses (Ross, 
1959a). Because cultivars resistant to some of these viruses are 
unavailable (Ross, 1968), the necessity for control measures for SMV is 
even greater. 
SMV can be transmitted mechanically (Gardner and Kendrick, 1921; Bos, 
1972) and by insects (Conover, 1948; Bos, 1972; Demski and Harris, 1974). 
As many as 60 percent of the seeds produced by a diseased plant will 
contain infectious virus. The persistence of virus in dormant seed 
thereby insures the carryover of SMV for subsequent infections. 
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Although seed transmission provides an effective means of 
establishing SMV infection, planting of infected seed does not account for 
the levels of infection observed in fields. Random secondary spread of 
SMV by insect vectors, from primary foci within a field, can account for 
significant levels of infection (Hill et al., 1980). At least 20 species 
of aphids can serve as vectors of SMV (Conover, 1948; Koshimizu and 
lizuka, 1963; Abney et al., 1976). The virus is transmitted by a 
nonpersistent mechanism. My2us persicae, the most efficient vector of 
SMV, can transmit the virus in as little as 20 seconds after probing an 
infected plant (Lucas and Hill, 1980). Therefore, insecticides are 
ineffective in controlling spread of SMV because transmission can occur 
before the insect is killed. 
Because resistance to SMV is unavailable in most commercial 
varieties, the most feasible measure for control of SMV is through 
planting of seed certified as virus-free. This is particularly important 
since attempts to breed commercial cultivars for resistance to a wide 
range of pathogenic variants of SMV have been unsuccessful (Kuhl and 
Hartwig, 1979). Currently, certification of soybean seed lots guarantees 
varietal purity, but not freedom from disease. 
Early attempts to diagnose SMV infected seeds were based on the 
increased frequency with which seed coat mottling occurred in seeds from 
infected plants (Kennedy and Cooper, 1967). Although SMV can modify 
expression of alleles for seed coat pigment (Wilcox and Laviolette, 1968), 
the correlation between mottling and seed transmission of SMV is 
inconsistent (Ross, 1970; Phatak, 1974; Tu, 1975). Some cultivars with 
low incidence of SMV transmission through seed show very high levels of 
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seed coat mottling (Goodman et al., 1979). Also, infected plants produce 
both mottled and nonmottled seeds, either of which can carry virus 
(Phatak, 1974). Therefore, seed coat mottling is unreliable as an 
indicator of virus infection or as the basis for estimating SMV content in 
seed. 
Seed-borne SMV can be detected by using progeny tests. However, 
these are time-consuming, require large areas of growth chamber or 
greenhouse space, and can only estimate the level of infection in 
germinating seeds. Detached-leaf local lesion assays are 
semi-quantitative (Phatak and Sunmanwar, 1967; Milbrath and Soong, 1976) 
and can detect as little as 0.1 ug SMV/ml, but they lack the sensitivity 
required for detecting low levels of virus infection. 
Serological methods provide an alternative to bioassays for 
estimating virus content in seeds. Using antibody-coated polystyrene 
latex particles, one infected seed in ten healthy could be detected 
(Phatak, 1974). Although the assay was easy to perform, it lacked 
sufficient sensitivity. By chemically treating samples with pyrrolidine 
(Hill et al., 1980), SMV infected seed can be detected by agar gel 
diffusion. Sodium dodecyl sulfate immunodiffusion has also been 
successfully used for detecting SMV in soybean hypocotyls (Lima and 
Purcifull, 1980). 
Greater levels of sensitivity have been obtained by using 
serologically specific electron microscopy (SSEM) procedures. Brlansky 
and Derrick (1979) detected one infected seed per thousand healthy seeds, 
the equivalent of a 0.1 percent transmission rate. However, regardless of 
the high sensitivity of SSEM, the limitations imposed by the need for 
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expensive equipment and skilled operators preclude its applicability for 
use in small isolated seed laboratories. 
The double antibody sandwich form of immunoassay has been widely used 
for plant virus diagnosis (Jermoljev et al., 1970; Ghabrial and Shepherd, 
1980; Clark and Adams, 1977; Koenig, 1978). ELISA (Lister, 1978; Hill et 
al., 1981; Chen et al, 1982) and solid phase radioimmunassay (SPRIA) 
systems (Bryant et al., 1932, 1983) have been developed for the detection 
of SMV in soybean seeds. Although sensitivity of the double sandwich 
ELISA systems was quite high, their utility for quantitative assays of a 
large range of naturally occurring SMV strains was limited (Chen et al., 
1982). This is presumably due to alterations in the antibody combining 
site which can occur during conjugation (Koenig, 1978). SPRIA systems 
using H-labelled detecting antibody are more sensitive and possess a 
broad cross-reactivity for different SMV isolates (Bryant et al., 1983), 
but require disposal of radioactive waste-liquids, and frequent 
conjugation due to decreasing specific activity of the labelled detecting 
antibody during storage. 
Hill et al. (1984) recently developed a monoclonal antibody based 
SPRIA for the detection of SMV. Unlike the immunoassays utilizing 
monoclonal antibodies developed by other researchers, which make use of 
polyclonal capture antisera (Gugerli and Fries, 1983; Hsu et al., 1984), 
this assay relies on two monoclonal antibodies specific for different 
epitopes on the virus particle. The dual monoclonal antibody system has 
distinct advantages over the mixed polyclonal-monoclonal systems. The 
assay obviates the need for continued production of polyclonal antisera, 
and provides for the use of standardized conditions in different 
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laboratories. 
Monoclonal Antibodies 
Antibodies have been used extensively as highly selective and 
sensitive reagents for the structural analysis of a variety of antigens. 
For years plant virologists have used antibodies in the study of viruses. 
Antibodies have been used to group viruses based on serological 
properties, to study the replicative cycle of the virion, to examine 
factors influencing virus neutralization, and in a variety of other 
structural and biological analyses. The most severe limitation of these 
immunological assays was the heterogeneity of the antisera that were used. 
Due to the very nature of polyclonal antisera, antisera differed from one 
laboratory to another. As a result the exact specificity, affinity, and 
avidity of each antiserum preparation differed, making precise 
experimentation difficult to control. In the past, extensive 
cross-absorption has been used in attempts to render polyspecific 
antiserum monospecific, but the residual heterogeneity of such antisera 
can still obscure small differences among the tested antigens. This is 
especially significant when the exact number of antigenic determinants 
involved is not known or when the antigens are highly cross-reactive. 
Another difficulty faced by some plant virologists, especially those 
working with phloem-restricted viruses, is the extreme efforts required to 
produce enough sufficiently purified antigen to use for production of 
antiviral sera. 
In 1975, Kohler and MilsteS.n reported on a procedure to establish 
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continuous cultures of specific antibody producing cells. Each cell line 
so produced, called a hybridoma, synthesizes a homogenous, or monoclonal, 
immunoglobulin, that represents one of the numerous antibodies produced by 
the immunized animal. This is accomplished by somatic cell hybridization 
of a transformed antibody producing cell (myeloma) with spleen cells of an 
immunized animal. 
According to Burnet (1959), a single B-cell is committed to producing 
only one type of antibody which is specific for one, or at most a few, 
structurally similar antigenic determinants. Since an animal is capable 
of producing millions of antibody molecules directed against the many 
antigens that it will contact within its lifetime, only a small fraction 
of B-cells recognize any given antigen. A single antigenic determinant 
can stimulate multiple B-cell clones which synthesize antibodies of 
differing affinity, avidity, and specificity.. The result is that 
immunization with most antigens, even though they may be highly purified, 
results in a polyclonal response. 
Many modifications of Kohler and Milstein's (1975) original procedure 
have been reported. However, the basic procedure remains essentially the 
same. Mice are immunized and hyperimmunized with the antigen of interest; 
the immunization regimen used is dependent on the particular antigen. 
Between two and four days after hyperimmunization the animal is sacrificed 
and the spleen removed. This is the time when the largest number of 
antibody forming cells can be found in the spleen (Benner et al., 1974). 
The spleen is separated into a single cell suspension, mixed with myeloma 
cells, and fused in the presence of polyethylene glycol (PEG). 
Following fusion, the cells are plated in a selective medium. Fusion 
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results in a mixture of parental cells, hybrids of each of the parental 
cells, and most importantly, hybrids between one parent and the other. 
Therefore, a method for the selection of the appropriate spleen-myeloma 
hybrids is required. The system most often used is the 
hypoxanthine-aminopterin-thymidine selection system described by 
Littlefield (1964). In this system, myeloma cells have a defect in the 
enzyme hypoxanthine-guanine phosphoribosyl transferase (HGPRT). This is 
accomplished by growing cells in the presence of 6-thioguanine or 
8-azaguanine. The cells that survive are HGPRT- and cannot use exogenous 
hypoxanthine to synthesize purines. As a result, they die in the presence 
of aminopterin which blocks d^ novo synthesis of purines and pyrimidines. 
Spleen cells contain a functional HGPRT enzyme, but will not grow in 
culture. Therefore, the only cells that survive the selection are 
spleen-myeloma hybrids: unfused and fused myeloma—myeloma cells are 
sensitive to aminopterin, and unfused and fused spleen cells die within 
days due to limited propagation potential. 
Approximately one to two weeks after fusion, the culture medium is 
screened for specific antibody production. Many simple, rapid, and 
sensitive assays have been developed for screening hybrids (Kennet et al., 
1980). Once the positive hybrids have been identified they are cloned to 
avoid overgrowth by other hybrids or nonsecreting variants. These 
variants arise soon after the hybrids are generated because of chromosomal 
segregation that occurs in the first several weeks following fusion 
(Kohler, 1980; Williams et al., 1977). 
Clones and subclones that grow are rescreened for relevant antibody 
production. These are then grown in culture, and injected into mice to 
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generate ascites fluid (Yelton and Scharff, 1981). 
Once generated, hybridomas provide a perpetual source of specific 
antibody. Monoclonal antibodies can be used like conventional antisera, 
but because of fundamental differences between the two reagents it is 
unsafe to assume one can automatically be substituted for the other 
(Yelton and Scharff, 1981). A particular monoclonal antibody preparation 
may or may not agglutinate, fix complement, precipitate antigen, or 
neutralize. As a result, monoclonal antibodies have to be tailor made for 
each specific purpose. Cytotoxic assays work best with antibodies that 
efficiently fix complement. Radioimmunoassays and enzyme—assays require 
antibodies of high affinity that do not release antigen during wash steps. 
Affinity purification is best accomplished with antibodies of high enough 
affinity to bind antigen efficiently, but low enough to allow elution of 
the antigen without reversible denaturation- It is unlikely that any one 
monoclonal antibody can fulfill all requirements for all assays. 
Monoclonal antibodies are not necessarily monospecific. A monoclonal 
antibody may react with an antigen of interest and also with other 
antigens containing similar structural features. Cross-reactivity of this 
kind demonstrates shared determinants that are indicative of structural 
similarities. This ability to examine cross-reactivities is one of the 
most powerful features of monoclonal antibodies. Such shared 
specificities may have been highly conserved because of their structural 
importance, and may reveal functional and evolutionary relationships 
between macromolecules (Yelton and Scharff, 1981). Binding of one 
monoclonal antibody preparation to an antigen can either enhance or 
decrease binding of another at a different antigenic site. This is 
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thought to be due to a conformational change brought about by the first 
monoclonal antibody that binds (Howard et al., 1978, 1979). Thus, it 
appears that antibodies are able to influence the antigenicity of their 
targets. 
Another advantage of the hybridoma technology is the ability to 
generate specific antibodies, even when impure antigens are used as the 
immunogen. Since one antibody producing cell is cloned away from all the 
others present in an immunized spleen, cells reacting to impurities can be 
discarded during the initial screening. This ability vastly increases the 
number of antigens for which specific antibody can be made. 
Once the specific antibody is generated, it can be used to purify the 
antigen. Large quantities of antibody can be easily obtained from ascites 
fluid. The antibody can be immobilized on a solid support matrix making a 
highly specific affinity column. 
Monoclonal antibodies are becoming increasingly attractive to plant 
virologists wishing to perform precise serological studies. The hybridoma 
technology, although in relative infancy in the field of plant virology, 
especially at the molecular level, has shown great promise for plant 
virology. They have been shown to be applicable to virus detection 
(Gugerli and Fries, 1933; Diaco et al., 1984; Hill et al., 1984 ), as well 
as for serological differentiation (Briand et al., 1982; Diaco et al., 
1983; Gugerli and Fries, 1983; Halk et al.,1984; and Hsu et al., 1984a). 
This methodology is becoming increasingly more widespread and will 
certainly alter the plant virologist's approach to immunological problems. 
The subject of monoclonal antibodies against plant viruses has recently 
been reviewed (Hsu et al., 1984b; Van Regenmortel, 1984). 
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Already, monoclonal antibodies have been used to great advantage by 
plant molecular virologists. Monoclonal antibodies directed against 
selected Luteoviruses, a group of obligately-aphid-borne phloem-restricted 
viruses, have been used to demonstrate a serological relationship among 
isolates previously thought to be antigenically distinct (Diaco et al., 
1983). This work, has much potential because it may allow researchers to 
detect all the isolates of the virus by use of a single assay (Diaco et 
al., 1984). These broad-range antibodies and others of a highly specific 
nature will enable extremely precise epidemiological studies to be 
performed. These researchers have also used monoclonal antibodies to 
demonstrate the presence of multiple epitopes on the coat protein of the 
virus (Diaco et al., 1983). This work may lend insight into the nature 
and mechanism of virus-vector specificity. 
Viral classification is extremely important for epidemiological 
reasons. Serological procedures have been used for years to help 
virologists classify new isolates, and to help aid in identifying which 
virus is causing a particular disease. Polyclonal antisera, due to its 
lack of uniformity and reproducibility, sometimes gives conflicting 
results as to the serological relatedness of different viruses. 
Monoclonal antibodies, however, should give superior discriminatory 
results. One can simply choose a monoclonal antibody that either reacts 
with only one particular strain of a virus, or cross—reacts with a whole 
group of related viruses. This is performed by choosing monoclonal 
antibodies specific for a unique epitope on the virus, or an epitope that 
is shared among all members of a particular group. 
Gugerli and Fries (1983), have made monoclonal antibodies against 
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potato virus Y, a member of the potyvirus group. These monoclonal 
antibodies cross-react with virtually all the members of the potyvirus 
group they have collected over the past two decades. In fact, these 
monoclonal antibodies were even more discriminatory than the polyclonal 
antisera they had used for this purpose. This points out that even though 
monoclonal antibodies are more specific than polyclonal antisera, that is 
they recognize only a single antigenic determinant, if that specificity is 
directed against a common antigenic determinant, it can be used to detect 
a whole variety of related viral isolates. 
Workers (Hsu, Halk and Lawson) at the American Type Culture 
Collection and Agricultural research center in Maryland have made 
monoclonal antibodies against a variety of plant viruses. These 
monoclonal antibodies have been used for serotyping of viral isolates. 
They have produced monoclonal antibodies that react with some strains of 
apple mosaic virus, some strains of prunus necrotic ringspot virus, and 
some that recognize both. Using this small panel of monoclonal antibodies 
they have grouped apple mosaic virus into five distinct serotypes, and 
prunus necrotic ringspot virus into three distinct serotypes. Similar 
work with tobacco streak virus has identified four serotypes in this 
group. Essentially what these researchers have tried to do is to group 
these plant viruses based upon an antigenic profile. By reacting field 
isolates with a panel of monoclonal antibodies, they hope to be able to 
identify the precise isolate, or isolates in the case of a mixed 
infection, involved in the outbreak. This type of research is important 
from an epidemiological standpoint. When an outbreak of virus occurs in 
the field it is important to know which serotype of virus is involved. 
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This allows one to assess the risks to nearby crops as well as to 
recommend what varieties of plants to propagate in subsequent years. As 
the numbers of monoclonal antibodies produced against a particular viral 
group increases, the antigenic profiles of its respective members will 
become more defined. This will allow researchers to perform extremely 
precise epidemiological studies of plant virus infection. 
Another potential use of monoclonal antibodies is for virus 
purification. Using immuno-affinity chromatography it would be possible 
to separate virus from complex mixtures containing virus and host-cell 
contaminants. This could be used to obtain highly purified virus 
preparations, and would facilitate purification of viruses which are 
difficult to purify by standard procedures. 
There are many other potential uses for monoclonal antibodies in the 
field of plant virology. They could be used to detect gene products in 
experimentally infected plants, to examine new isolates for serological 
identification, and as probes which can be used to study the replication 
of plant viruses. Monoclonal antibodies may also be excellent probes with 
which to study the mutability of plant viruses through the course of a 
natural field infection. As more monoclonal antibodies are produced 
against plant viruses, the applications of these reagents will surely 
increase. The wealth of information to be obtained through use of this 
technology will make it indispensable to the study of the molecular 
biology of plant viruses. 
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SECTION I. MONOCLONAL ANTIBODIES AGAINST BARLEY YELLOW DWARF 
VIRUS: DEMONSTRATION OF SEROLOGICAL RELATIONSHIPS 
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ABSTRACT 
Hybridomas secreting monoclonal antibodies against three isolates of 
barley yellow dwarf virus (BYDV) were established. Two monoclonal 
antibody preparations were generated against the MAV isolate, one against 
RPV and six against P-PAV. None of the monoclonal antibody preparations 
reacted with healthy host components- Reactions of monoclonal antibodies, 
or unlabelled polyclonal antisera, in an indirect enzyme-linked 
immunosorbent assay (ELISA) indicate the presence of a common epitope on 
all three virus isolates. 
BYDV dissociated when incubated in carbonate-bicarbonate coating 
buffer at pH 9.6; stabilization was achieved by predialysis with either 2% 
formaldehyde or 2% glutaraldehyde. In indirect ELISA, unlabelled 
polyclonal antisera bound to both stabilized and dissociated homologous 
and heterologous BYDV isolates. However, conjugated polyclonal antisera 
were incapable of binding to any dissociated isolates or to stabilized 
heterologous isolates. Experiments with monoclonal antibodies in 
competition ELISA indicated the presence of at least two epitopes on the 
coat protein of P-PAV. 
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INTRODUCTION 
Barley yellow dwarf virus (BYDV), the type member of the luteovirus 
group (Rochow and Israel, 1977), comprises a number of obligately 
aphid-transmitted phloem—limited viruses of Gramineae that occur worldwide 
in wheat, barley, oats, and many perennial grasses (Rochow, 1970). 
Several distinct isolates have been given acronyms based upon specificity 
of aphid transmission (Rochow, 1969; Johnson and Rochow, 1972). Of 
these, "RPV" is specifically transmitted by Rhopalosiphum padi, "MAV" is 
specifically transmitted by Macrosiphum (= Sitobian) avenae, and "PAV" is 
nonspecifically transmitted by both aphid species. These three isolates 
also differ immunologically such that, in tests with polyclonal rabbit 
antisera, MAV and PAV are distinct but related, whereas RPV is unrelated 
to these (Rochow and Carmichael, 1979). We now describe the production of 
monoclonal antibodies (Kohler and Milstein, 1975) against these three 
isolates of BYDV and their use in studies of relationship by enzyme-linked 
immunosorbent assays (ELISA). We report the presence of a common epitope 
on all three virus isolates and the presence of at least two specific 
epitopes on the P-PAV isolate. This is the first reported evidence for a 
serological relationship among all three virus isolates. A preliminary 
report has appeared (Diaco et al., 1983). 
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METHODS 
Cells and virus 
The mouse myeloma cell line SP2/0 Ag-14 was maintained in Dulbecco's 
modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS; Hazelton Dutchland Laboratories, Denver, PA), 25 mM HEPES, 6 g/1 
glucose, 0.5 g/1 sodium bicarbonate, and 1.2 g/1 L-glutamine. 
The RPV, MAV, PAV (RC—PAV) isolates were kindly supplied by W. F. 
Rochow, and the P-PAV isolate was that previously described (Hammond et 
al., 1983). All BYDV was purified at Purdue University as previously 
described (Hammond et al., 1933) and shipped frozen to Iowa State 
University. 
Establishment of hybridoma clones 
Four-week-old Balb/C mice (Charles River Breeding Laboratories, 
Wilmington, MA), two for each isolate, were injected intraperitoneally 
with 0.3 - 0.4 ml containing 50 ug of purified virus (based on = 5.5) 
emulsified in Freund's complete adjuvant, followed by an additional 25 ug 
of virus in 0.1 M sodium phosphate, pH 6.0, 4-6 weeks later. Four days 
after hyperimmunization, the mice were exsanguinated, and the serum was 
retained as a positive control for future testing. Spleen cells were 
fused by a modification of previously described methods (Van Deusen and 
Whetstone, 1981). Essentially, the spleen was perfused with 1.0 ml of 
DMEM and disaggregated into a single-cell suspension by gentle pushing 
through avlOO-mesh Cellector tissue sieve (Bellco Glass, Vineland, NJ). 
The screen was washed with 4.0 ml of DMEM, and the cells were transferred 
to a 50-ml conical centrifuge tube. Generally, the spleen cell 
preparations contained between 1.0 and 1.5 X 10 viable spleen cells/ml as 
indicated by a viability stain. 
The spleen cells were mixed with SP2/0 Ag-14 cells at a 1:1 ratio, 
and were subjected to centrifugation at 225 X ^  for 10 min. The medium 
was removed and saved for conditioned medium (CM; DMEM that has supported 
growth of SP2/0 Ag-14 cells for 3-4 days). Cells were gently loosened 
from the pellet, and 1.0 ml of 45% polyethylene glycol, mol. wt. = 1540 
(PEG, American Type Culture Collection, Rockville, MD) in 0.01 M sodium 
phosphate, pH 7.4, containing 0.85% NaCl (PBS), was added slowly over a 
30-sec period. After gentle mixing of the cells by rotating the tube for 
2.0 min, the PEG solution was diluted by addition of 1.2 ml of DMEi4 over a 
30-sec period. After a second 2.0 min incubation, 10 ml of DMEM was added 
during 1.0 min with gentle agitation, and the cell suspension was 
incubated for 5 min. Cells were collected by centrifugation at 225 X ^  
for 10 min and resuspended at a density of 2.5 X 10^ myeloma cells/ml in a 
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medium consisting of equal volumes of CM and DMEM supplemented with 10 M 
-7 -5 hypoxanthine, 4 X 10 M aminopterin and 1.5 X 10 M thymidine 
(DMEM-CM—HAT, Hazelton-Dutchland Laboratories). They were plated at 0.2 
ml/well into 96-well tissue-culture plates (CoStar, Cambridge, MA), and 
the cultures were incubated at 37 C in humidifed 5-7% CO^ in air. 
Cells were fed at three—day intervals for 2 weeks after hybridization 
by withdrawing 0.1 ml from each well and adding 0.1 ml of fresh 
DMEM-CM-HAT. Wells containing microscopically visible cells were tested 
for relevant antibody production by ELISA (see below). Cultures 
exhibiting positive reactions were slowly weaned by replacement of the HAT 
medium with HT medium (HT=HAT with no aminopterin, Hazelton-Dutchland 
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Laboratories). When hybrid cells had grown sufficiently to cover 
one-fourth of the well, specific-antibody-producing hybridomas were cloned 
three times by limiting dilution (Galfre and Milstein, 1981) into D>iEM-CM 
supplemented with an additional 10% FBS. Positive cell lines were 
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transferred to 25 cm" CoStar tissue-culture flasks, fed with DMEI'I, and 
used for vitro propagation of monoclonal antibody. Once established, 
cell lines were frozen at -70 C in Nunc cryogenic vials (Vanguard 
International, Neptune, NJ) at a cell density of 1-2 X 10^ cells/ml in FBS 
containing 10% dimethylsulfoxide and then stored in liquid nitrogen. 
Ascites fluid was obtained by intraperitoneally injecting Balb/C mice, 
primed 3-4 wk earlier by intraperitoneal injection of 0.5 ml pristane (2, 
6, 10, 14-tetrar.iethylpentadecane), with 0.5-1.0 X 10^ hybridoma cells in 
0.2 ml DMEM. When the abdomen was distended, the ascites fluid was 
collected by insertion of an 18—gauge needle into the peritoneal cavity. 
The ascitic fluid was clarified by centrifugation at 1000 X ^  to remove 
cells, and the fluid was stored frozen at -20 C or with 0.1% NaN^ at 4 C. 
Purification and biotinylation of IgG 
Monoclonal antibodies were purified by affinity chromatography of 
ascites fluid with protein-A-Sepharose CL-4B (Pharmacia, Piscataway, NJ). 
IgG was bound by using 0.1 M sodium phosphate, pH 8.0, and eluted with 
5.0% acetic acid in saline, pH 3.0. Concentrations of IgG were determined 
by E^gQ = 1.4. Samples were adjusted to pH 7.0-8.0 with NaOH, diluted 1:1 
with glycerol, and stored as described for ascites fluid. The purified 
monoclonal antibody preparations were biotinylated by the method of Bayer 
et al. (1979). Biotiny1-N-hydroxy-succinimide ester (Sigma Chemical Co., 
St. Louis, MO) dissolved in dimethylformamide was added to 
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protein-A-purifled IgG in a 1:50 v/v and 10:1 mol/raol ratio. The mixture 
was rotated for 4 hr at room temperature, stored at 4 C overnight, and 
then extensively dialyzed against 0.01 M sodium phosphate, pH 8.0, at 4 C. 
The biotinylated antibodies were stored as described above. 
ELI SA 
All ELISA procedures with monoclonal antibodies utilized optimized 
conditions, found by calculation of P/N ratios (Hill et al., 1981), to 
yield the highest response (P) over background (N). This was necessary to 
eliminate false reactions frequently observed when suboptimal conditions 
were used (Diaco, unpublished results). ELISA procedures with polyclonal 
antisera were as described by Lister and Rochow (1979). Wherever 
possible, conditions of similar assays were made equivalent to facilitate 
comparison of the results. 
The indirect ELISA used for screening cell lines for specific 
monoclonal antibodies was similar to that described by Voiler et al. 
(1979). Virus antigen (2 ug/ml) in 50 ul of carbonate-bicarbonate coating 
buffer (0.05 M NaHCO^, Na^CO^, pH 9.6) was added to wells of microliter 
plates (Immulon 2, Dynatech Laboratories, Alexandria, VA). After 1 hr at 
37 C, the virus solution was removed, and unbound protein—binding sites 
blocked by the addition of 300 ul of blocking buffer (PBS containing 1% 
bovine serum albumin and 0.05% Tween 20). After incubation for 30 min at 
37 C, the wells were rinsed with wash buffer (PBS containing 0.05% Tween 
20) and shaken dry. Fifty ul samples of test fluid (hybridoma culture 
fluid, preimmune mouse sera, or hyperimmune mouse sera) were incubated in 
the wells for 1 hr at 37 C. Unbound antibodies were removed with four 
rinses of wash buffer, and 50 ul of an optimized solution of 
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affinity-purified alkaline-phosphatase—conjugated rabbit antiraouse IgG 
(Sigma Chemical Co., diluted 1:3200 in blocking buffer) was added per 
well. After 1 hr incubation at 37 C, the plates were washed four times, 
and 50 ul of substrate solution (1 mg/ml p-nitrophenyl phosphate in 10% 
diethanolamine, pH 9.8) was added per well. Positive wells, which were 
bright yellow, were determined visually after 30 rain or, after the 
reaction was stopped with 50 ul 3.0 N NaOH, were measured quantitatively 
at 410 nm in a Dynatech Minireader II (Dynatech Laboratories). 
Immunoglobulin subclass determination 
The antibody subclass and light-chain component of each of the 
monoclonal antibody preparations was determined by modifying the ELISA 
system described. Fifty-ul samples of affinity-purified monoclonal 
antibody preparations were added to 18 wells of an antigen-coated, 96-well 
microtiter plate. After incubation for 2 hr at 37 C, unbound antibody was 
washed off, and 50 ul of each of the following class- and 
subclass-specific rabbit antimouse immunoglobulins were added to duplicate 
wells: rabbit antimouse IgA, IgGl, IgG2a, IgG2b, IgG3, IgM, Kappa light 
chain, and Lambda light chain (Zymed Laboratories, Burlingame, CA). After 
incubation and washing as above, the presence of bound antimouse 
immunoglobulin was detected by adding 50 ul of a 1:1000 dilution of 
alkaline-phosphatase—conjugated goat anti—rabbit immunoglobulin to each 
well, followed by addition of substrate solution. 
Cross reactivity of monoclonal antibodies in indirect ELISA 
The cross-reactivity of the individual monoclonal antibodies was 
determined by performing an indirect ELISA using each monoclonal antibody 
with the homologous and heterologous BYnv isolates. For these assays 50 
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ul containing 100 ng of purified-intact virus, or purified virus 
dissociated in carbonate-bicarbonate coating buffer (see below), was 
placed in each well of a 96-well microtiter plate, and tenfold serial 
dilutions of the affinity purified monoclonal antibodies, in blocking 
buffer, from 10 ug to 10 pg/ml, were allowed to react with the bound 
virus. The presence of bound monoclonal antibody was detected (after 
washing) by addition of a labelled second antibody as described 
previously. Experiments performed to optimize this ELISA showed that the 
formulation of the blocking buffer had significant effects on the values 
obtained. Therefore, experiments, described in Results, were performed to 
determine the optimal blocking buffer for use. 
Double sandwich ELISA using rabbit polyclonal capture antisera 
Plates for each antiserum were coated at 37 C for 4 hr with 1:400 
dilutions of polyclonal anti-BYDV antisera (100 ul/well) in 
carbonate-bicarbonate coating buffer. After one wash, plates were 
incubated at room temperature for 90 min with blocking buffer, washed 
twice more, and filled with 100 ul/well of test samples. When plant 
extracts were tested, the sample consisted of either undiluted extracts 
(ground 1:6 w/v in 0.1 M sodium phosphate, pH 5.0) from plants infected 
with the homologous isolate or extracts from healthy tissue prepared the 
same way. Tests with purified virus utilized virus diluted to 2 ug/ml in 
0.1 M sodium phosphate, pH 7.0, (storage buffer) or storage buffer alone. 
After incubation of the test samples overnight at 4 C, the plates were 
washed 3 times and incubated 2 hr at 37 C with 50 ul/well of purified 
monoclonal antibodies diluted to 1 ug/ml or 10 ug/ml in wash buffer. The 
plates were then washed 3 times, incubated 90 min at 37 C with 
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alkaline-phosphatase-conjugated rabbit antimouse IgG, washed again, and 
subsequently incubated with substrate solution. The reactions were 
stopped with 3-0 N NaOH and read at 410 nm in a Dynatech Minireader II as 
before. 
Stability of barley yellow dwarf virus in coating buffer 
Experiments were performed to assess the stability of BYDV when 
diluted in carbonate-bicarbonate coating buffer, pH 9.6. Purified virus 
(^-lAV isolate) was mixed with 9 volumes of coating buffer and incubated 2 
hr at either 4 C, room temperature, or 37 C. As controls, purified virus 
was .similarly diluted in storage buffer and incubated at the three 
temperatures. The samples were then layered onto sucrose gradients and 
subjected to ultracentrifugation as described previously (Hammond et. al., 
1983). Gradients were fractionated and scanned by upward displacement 
through a recording u.v. monitor measuring 
Efforts to stabilize the particles involved predialysis of the virus 
against either 2% (v/v) glutaraldehyde or 2% (v/v) formaldehyde for 1 hr 
at room temperature before treatment with 9 volumes of coating or storage 
buffer. The mixtures were subjected to ultracentrifugation and 
fractionation as previously described. 
Dissociation of barley yellow dwarf virus for use in ELISA 
To ensure complete dissociation of the BYDV isolates, purified virus 
was mixed 1:16 (v/v) with coating buffer and incubated 4 hr at room 
temperature followed by overnight incubation at 4 C. The dissociated 
virus was then mixed 30 sec on a vortex mixer and diluted in an » 
appropriate buffer. For coating, dissociated virus was diluted in coating 
buffer to 2 ug/ml and used at 50 ul/well. In double-sandwich ELISA, the 
44 
dissociated virus was dialyzed against and diluted in healthy plant 
extract in serial two-fold dilutions. 
Indirect ELISA with polyclonal antibodies 
The indirect ELISA was performed by using unlabelled and 
alkaline-phosphatase-conjugated rabbit polyclonal antisera at the 
dilutions used in the standardized polyclonal ELISA of Lister and Rochow 
(1979). In these assays, 100 ul samples of formalin-stabilized or 
dissociated virus were used to coat plates at 2 ug/ml. After blocking and 
washing, 100 ul/well of unlabelled polyclonal anti-BYDV serum diluted 
1:400 in wash buffer or conjugated polyclonal anti-BYDV serum diluted 
1:200 in wash buffer were reacted 90 min at 37 C. Plates containing 
conjugated anti-BYDV serum were then reacted with substrate solution for 1 
hr at 37 C; plates incubated with unlabelled polyclonal anti-BYDV serum 
were reacted 90 min with alkaline-phosphatase-conjugated goat antirabbit 
IgG (diluted 1:750 in wash buffer) preceding addition of substrate. 
Polyclonal double sandwich ELISA with intact and dissociated BYDV 
The cross-reactivities of intact and dissociated BYDV isolates were 
analyzed by the standardized polyclonal-antibody based double—sandwich 
ELISA of Lister and Rochow (1979). In this assay, purified intact and 
dissociated virus were dialyzed 2 hr at room temperature against wash 
buffer. The viral samples were diluted to 10 ug/ml in wash buffer 
followed by twofold serial dilution in healthy plant extract from 2.0 to 
0.0625 ug virus/ml. These samples were added (50 ul/well) to plates 
coated with 1:400 dilutions (100 ul/well) of unlabelled polyclonal 
anti-BYDV sera. After 4 hr at 37 C, the plates were washed, reacted 
overnight with 1:200 dilutions of conjugated anti-BYDV sera, and 
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subsequently reacted with substrate solution. 
Competition ELISA for epitope analysis 
To determine the possible existence of multiple epitopes on the viral 
isolates, a competition ELISA was performed. In this assay, 50 ng of 
virus in 50 ul of coating buffer was bound to each well of a 96-well 
microtiter plate. After unbound protein-binding sites were blocked with 
blocking buffer, an excess of individual unlabelled antibody (determined 
empirically for each preparation as twice the amount of antibody required 
to cause complete inhibition of binding of a biotinylated form of the same 
antibody) was added to each well and allowed to react with the virus and 
bind to its specific epitope. Unbound antibody was washed off after 2 hr 
incubation at 37 C. As a control to insure that all available sites had 
been bound, a biotinylated form of the same antibody preparation was 
reacted with the virus-antibody complex. Alkaline phosphatase-labelled 
avidin was added, followed by addition of the substrate. Total inhibition 
of binding of labelled-antibody indicated that a sufficient quantity of 
unlabelled antibody was added to bind to all available epitopes. In the 
competition assay, a different unlabelled antibody preparation was added 
to immobilized virus, followed by addition of the biotinylated antibody. 
If the biotinylated antibody was specific for the same epitope as the 
unlabelled antibody, the binding of the biotinylated antibody was 
inhibited. The amount of immobilized biotinylated antibody was determined 
by reaction with avidin-labelled alkaline phosphatase and substrate. 
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RESULTS 
Production and characterization of monoclonal antibodies 
Hybrids were consistently obtained in more than 90% of the wells 
plated by using the fusion protocol described in this study. Two weeks 
after hybridization, 20-33% of the primary hybrids tested produced 
relevant antibody. Although a large number of the cultures examined 
initially produced relevant antibodies, only a few of the hybrids survived 
the expansion process. Most cultures either stopped producing 
immunoglobulins or stopped growing during the first month after 
hybridization. Once cloned, the cell lines were more stable. 
The ability of the monoclonal antibodies to react with healthy host 
proteins (Avena sativa L. cv. 'Clintland 64*) was examined by indirect 
ELISA. In this assay, host proteins were extracted from healthy 
'Clintland 64' oats by the method of Lister and Rochow (1979). After 
removal of plant debris by low-speed centrifugation, the extract was 
subjected to centrifugation for 2.25 hr at 48,900 X The supernatant 
and pellet proteins were used at coating antigen concentrations of 2500 ng 
per well, which was 25—fold higher than virus concentrations used 
previously, to facilitate detection of reactions with minor components in 
the antigen preparations. None of the monoclonal antibodies reacted with 
healthy host proteins. 
Nine stable cell lines producing monoclonal antibody preparations 
were generated. Six, two, and one of these were produced against the PAV, 
MAV, and RPV isolates, respectively (Table 1). All antibodies contained 
kappa light chains and were of the IgGl subclass. No reactions were 
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observed with anti-IgA or anti-IgM. This was expected because the ELISA 
method used for screening the hybrids utilized an affinity-purified 
enzyme-conjugated rabbit antimouse IgG solution. Only antibody from 
ascites fluid purified by affinity chromotography was used in subsequent 
assays. 
Optimization of indirect ELISA 
Efforts were made to optimize the conditions of this ELISA procedure 
to eliminate false positives. Formulation of the blocking buffer appeared 
to cause the greatest variability. Therefore, the effect on the assay of 
eight different blocking-buffer formulations was compared. Experiments 
utilized three concentrations (0, 50, 250 ng/well) of virus bound to 
raicrotiter plate wells, two positive antisera (hyperimmune polyclonal 
mouse-anti-P-PAV serum diluted 1:500 and monoclonal antibody P-PAV 2A5 IgG 
at a concentration of 10 ug/ml), and two negative controls (preimmune 
mouse serum diluted 1:50 or blocking buffer alone). Results, as measured 
by P/N ratio (Hill et al., 1981), showed that the optimal blocking buffer 
was PBS containing 0.05% Tween 20 and 1% bovine serum albumin and that the 
optimal dilution of the enzyme conjugate was 1:3200 (Fig. 1). The P/N 
optimum was independent of coating antigen concentration (50 or 250 ng 
antigen/well), and the same reactions were obtained when either monoclonal 
anti-BYDV IgG or polyclonal mouse-anti-BYDV serum was used in the assay. 
No background reactions were obtained in the optimized ELISA when 
preimmune mouse sera or blocking buffer were used as negative controls 
(data not shown). 
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Reactivity of anti-viral antibodies 
Indirect ELISA with mouse monoclonal antibodies showed that most, but 
not all, preparations reacted with both the homologous and heterologous 
isolates of BYDV (Table 1). P-PAV 3A10 was the only isolate-specific 
monoclonal antibody reacting exclusively with the PAV isolates of BYDV. 
P-PAV 3A11 reacted with both PAV isolates and with MAV, but not with RPV. 
Some of the preparations showed responses with the heterologous isolates 
that were equal to or stronger than those obtained with the homologous 
isolates. None however, reacted with healthy host tissue or with purified 
preparations of the unrelated cowpea mosaic, lettuce mosaic, soybean 
mosaic, or Newcastle disease viruses (data not sho^fn). 
Monoclonal antibodies were also incorporated into a double sandwich 
ELISA using rabbit polyclonal capture antibody. To allow a more direct 
comparison between the different polyclonal capture systems, these 
reactions are reported as a ratio of response to virus-containing samples 
divided by the response to an equivalent sample without virus (response 
ratio). This is necessary because it is not possible to assess the 
quantities of virus bound by the different polyclonal capture sera or to 
ensure equivalent binding of virus in each individual well, especially 
when dealing with plant extracts. Also, because nonspecific reactions 
tend to increase with higher concentrations of reactants (Clark and Adams, 
1977; Koenig, 1978), the response ratio helps to normalize the data- When 
the monoclonal antibodies were reacted with virus captured by polyclonal 
capture sera, the cross-reactivities of the preparations were 
significantly different from those obtained by indirect ELISA (Table 2). 
In this assay, only MAV 4F7 was cross-reactive; it was able to bind MAV 
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and RPV, but not the PAV isolate. P-PAV 2A5, P-PAV 1D7, P-PAV 3A11, and 
MAV 2B12 reacted only with the homologous isolates against which they were 
produced. P-PAV 3A10 did not react at all, whereas P-PAV 3B10 and RPV 
3F1Û could bind only to the heterologous isolates RPV and MAV, 
respectively. 
Effect of BYDV dissociation 
Inasmuch as the difference between the results with the indirect and 
double—sandwich ELISA procedures could have been due to dissociation of 
the virus in the coating bufffer, experiments were designed to analyze the 
stability of BYDV in coating buffer. Density-gradient profiles indicate 
that the MAV isolate was essentially fully dissociated after 2 hr 
incubation at 37 C (Fig. 2, Panel F). Reduction of the virus peak was 
accompanied by an increase in u.v. light-absorbing material at the 
meniscus. Furthermore, the dissociation could be only slightly reduced by 
incubation at lower temperatures (Panels D and E). Samples incubated in 
storage buffer were not significantly dissociated (Panels A, B and C). 
Stabilization of the particles was achieved, however, by predialysis at 
room temperature for 1 hr with either 2% formaldehyde or 2% glutaraldehyde 
(Panels G, H and I). 
When monoclonal antibodies were used in indirect ELISA with BYDV 
isolates dissociated by prolonged incubation in coating buffer, antibody 
specificity was similar to that found without the dissociating 
pretreatment (Table 3). The only significant difference was that 
monoclonal antibody preparation P-PAV 3A10 no longer reacted with the 
P-PAV isolate. The others all displayed the same degree of 
cross-reactivity and similar levels of sensitivity. 
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Reactivity of polyclonal antisera 
Both intact and dissociated BYDV isolates were reacted with 
polyclonal antibody by the double—sandwich ELISA system of Lister and 
Rochow (1979). This system was unable to recognize dissociated virus 
(Fig- 3) and yielded characteristic homologous responses with slight 
cross-reactivity between the MAV and P-PAV isolates. 
Testing of polyclonal anti-BYDV antisera in the indirect ELISA 
against dissociated and stabilized BYDV particles yielded contrasting 
results. Unconjugated polyclonal anti-BYDV antisera recognized the 
homologous and heterologous isolates of BYDV in both the dissociated and 
stabilized forms (Table 4). Conjugated polyclonal anti-BYDV antisera, 
however, reacted with only the stabilized forms of the homologous 
isolates. No cross-reactivity was observed with the conjugated antisera 
(Table 4). 
Competition ELISA for epitope mapping 
Competition assays using biotinylated antibody P-PAV 2A5 and 
unlabelled antibodies P-PAV 1D7, P-PAV 3A11, and P-PAV 2A5 showed that 
P-PAV 1D7 and P-PAV 2A5 totally inhibited binding of the biotinylated 
antibody. Antibody P-PAV 3A11 had virtually no effect on binding of 
biotinylated P-PAV 2A5 (Table 5). 
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DISCUSSION 
Indirect ELISA experiments with the monoclonal antibodies made to 
these BYDV isolates showed a high degree of cross-reactivity and therefore 
indicate the presence of a common epitope on the four BYDV isolates 
examined. The only isolate-specific monoclonal antibody was preparation 
P-PAV 3A10; all other monoclonal antibody preparations reacted with at 
least two different isolates. This cross-reactivity is in contrast to 
previous reports using polyclonal antisera (Lister and Rochow, 1979; 
Rochow and Carmichael, 1979). These results were not duetto nonspecific 
reactions in our ELISA. No antibody preparations reacted with healthy 
host protein at concentrations 25-fold greater than the amount of virus 
antigen used in ELISA tests. Furthermore, this ELISA was optimized with 
respect to several important parameters, including the formulation of the 
blocking buffer and P/N ratio (Hill et al., 1981). Also, all the 
monoclonal antibodies are of the IgGl subclass, and therefore, because of 
their common isotypic nature, they differ only in their idiotypic markers. 
Because the rabbit antimouse enzyme-conjugated antibody was raised against 
whole-mouse IgG, it would be expected to recognize isotypic and not 
idiotypic markers and should be equally proficient at detecting any of the 
monoclonal antibodies. 
Some antibody preparations had equivalent titers against both 
heterologous and homologous BYDV isolates. In some cases, although the 
titers were equivalent, responses measured in A^^g units were greater with 
the heterologous than with the homologous isolates (data not shown). 
Antibodies of this type are called heteroclitic, or heterospecific (A1 
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Moudallal et al., 1982), and are considered a normal component of the 
polyclonal response (Kimball, 1933). Their presence may reflect varying 
levels of affinity or avidity for specific epitopes. Alternatively, they 
may have been elicited as a result of alterations in the structure or 
three-dimensional conformation of BYDV coat protein during the immune 
response, as shown for measles virus (Birrer et al., 1981). It is also 
possible that greater numbers of specific antibody combining sites exist 
on the heterologous isolates than on the homologous isolate. 
When the monoclonal antibodies were tested in double-sandwich ELISA 
with rabbit polyclonal capture antisera, only limited cross-reactivity was 
seen. This is consistent with the work of Hsu et al. (1984). Several 
potential problems are inherent in this approach, however. Binding of 
virus-specific rabbit polyclonal antisera to viral polypeptides has been 
shown to interfere with subsequent binding of monoclonal antibodies to the 
same virus (Hill et al., 1984). If only a limited number of common 
epitopes are present in a virus and these are bound by the polyclonal 
capture antisera, detection of these epitopes would not be expected by 
using a monoclonal antibody specific for them. This may account for the 
altered reactivity of some of the anti-BYDV monoclonal antibodies in this 
type of ELISA. Additionally, binding of one antibody to a viral protein 
has been shown to enhance or reduce binding of a second antibody to that 
viral protein (Howard et al., 1978, 1979); this suggests that substantial 
changes can occur in the three-dimensional conformation of a protein when 
coupled with an antibody molecule. Capturing of BYDV particles by 
polyclonal anti-BYDV antisera may alter the antigenic configuration of the 
virus enough to mask existing epitopes. Steric hindrance by the prebound 
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polyclonal antisera may also lead to reduced binding of the monoclonal 
antibodies. Furthermore, it is very difficult to bind equivalent amounts 
of each virus isolate by using specific polyclonal antiserum preparations 
of potentially different avidity; use of this type of assay, therefore, 
makes direct comparison of the results of cross-reactivity tests virtually 
impossible. Moreover, because the results in a mixed 
polyclonal-monoclonal system may not reflect the actual antigenic 
configuration of the virion, it is not possible to establish a clear 
antigenic profile by using data obtained in this way. This is especially 
significant when establishing taxonomic relationships. Recent results 
obtained using mixed polyclonal-monoclonal systems for serotyping of viral 
groups (Briand et al., 1932; Gugerli and Fries, 1933; Hsu et al., 1983, 
1984) must therefore be viewed with caution. Indirect ELISA testing of 
monoclonal antibodies with virus bound directly to the solid phase is 
likely to be more reliable for such analysis. 
Our experiments indicate that BYDV dissociates in the presence of 
carbonate-bicarbonate coating buffer. Also, our selection of monoclonal 
antibody-producing cell lines was based on an indirect ELISA with antigen 
that was presumably dissociated in the coating process. When our 
monoclonal antibodies were used in indirect ELISA with fully dissociated 
BYDV, only one had significantly altered reactivity. This suggests that 
the virus need not remain intact for reactivity with most of our 
monoclonal antibodies. For these reasons, we thought the monoclonal 
antibodies recognized determinants internally oriented in the intact 
particle (i.e., "cryptotopes" sensu Van Regenmortel, 1966). This could 
explain the cross-reactivity observed in our experiments in contrast to 
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the results of previous attempts to examine serological relationships 
among these isolates, which used virus-specific capture antibody to 
sequester the virus from solution (Lister and Rochow, 1979; Rochow and 
Carmichael, 1979). Such assays may have recognized only intact virus and 
hence have failed to detect common internal epitopes. 
Unlabelled polyclonal antisera also reacted in indirect ELISA with 
the homologous and heterologous isolates of BYDV in both the stabilized 
and fully dissociated forms- Cross-reactivity, therefore, was not a 
phenomenon peculiar to mouse monoclonal antibodies. Rabbit polyclonal 
antisera were fully capable of detecting serological relationships in the 
BYDV isolates when the antisera were reacted, in an unlabelled form, in 
indirect ELISA. Furthermore, the common epitopes recognized probably are 
not exclusively internally oriented beacuse the polyclonal antisera are 
still capable of cross-reacting with stabilized particles in indirect 
ELISA. Conjugated polyclonal antisera would react only with the 
homologous isolates and then only after the virus had been stabilized 
before coating. Evidently, conjugation had an effect on the specificity 
of the preparations, making them unable to react with the common BYDV 
epitopes. It has been reported that conjugation of antibodies with enzyme 
decreases their binding ability (Koenig, 1978). This was thought to be 
due to spatial impairments or conformational changes in the combining site 
that altered the avidity or binding ability of the antibody molecules. 
This work also suggested that homologous, or heterologous, antibodies with 
low avidity in the native configuration may become nonreactive after 
conjugation (Koenig, 1978). 
The double-sandwich ELISA assays of Lister and Rochow (1979) were 
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incapable of reacting with dissociated virus or showing cross-reactivity 
among RPV and the other isolates. This can be explained by the results 
obtained in the indirect ELISA; the Lister and Rochow (1979) assay used 
conjugated polyclonal anti-BYDV antisera, which were unable to bind to 
dissociated or heterologous isolates of BYDV. Recent work in our 
laboratories using serologically specific electron microscopy confirmed 
the cross-reactivity of the monoclonal antibodies (Diaco et al., 1984). 
Also, decoration experiments with ferritin-labelled monoclonal antibodies 
suggested that some of the epitopes were externally oriented (unpublished 
results). 
Results of competition ELISA showed the presence of at least two 
epitopes on the coat protein of the P-PAV isolate of BYDV- As expected, 
the unlabelled monoclonal antibody inhibited binding of the same 
monoclonal antibody conjugated with biotin. Another monoclonal antibody 
specific for the same epitope caused similar inhibition. A monoclonal 
antibody specific for a different epitope did not inhibit binding of the 
labelled antibody. We conclude that monoclonal antibodies P-PAV 2A5 and 
P-PAV 1D7 are specific for the same epitope and that antibody P-PAV 3A11 
is specific for a different epitope on the P-PAV isolate. Further 
experiments of this nature may yield important information about the basic 
structure and function of BYDV. Such information may be useful in 
understanding the mechanisms underlying virus-vector specificity and 
enhancing breeding programs for resistance to BYDV strains. 
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Figure 1. Effect of blocking formulation on response over background (P/N 
ratio) in indirect ELISA. Blocking buffers were: O.Ol M PBS + 1% BSA 
(O—O), containing 0.05% Tween 20 (•—O), 1% polyvinylpyrrolidone 40 (PVP) 
(A—A), 1% ovalbumin (#—#), 0.05% Tween 20 + 1% PVP (#—*), 0.05% Tween 
20 + 1% ovalbumin (A-^), 0.05% Tween 20 + 1% PVP + 1% ovalbumin (#-#), 
and no blocking buffer (O-O). Coating antigen concentrations were 0 or 
50 ng BYDV/well. Monoclonal antibody P-PAV 2A5 was used at a 
concentration of 10 ug/ml 
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Figure 2. Stability of BYDV in coating buffer. All panels represent 
absorbance profiles of the MAV isolate of BYDV subjected to 
ultracentrifugation on sucrose gradients after treatment as follows: 
Panels A, B, and C, 2-hr incubation in 9 volumes of storage buffer at 4 C, 
room temp, or 37 C, respectively. Panels D, E, and F, 2-hr incubation in 
9 volumes of coating buffer at 4 C, room temp, or 37 C, respectively. 
Panel G, predialysis with 2% glutaraldehyde for 1-hr preceding 
room-temperature incubation in coating buffer. Panels H and I, predialysis 
with 2% formaldehyde for 1—hr before room-temperature incubation in 
coating buffer or storage buffer, respectively 
61 
SEDIMENTATION 
Figure 3. Reaction of intact and dissociated virus in 
polyclonal-antibody-based double-sandwhich ELISA. Panels A, B, and C 
represent the three homologous polyclonal-antibody-based ELISA systems for 
detection of PAV, MAV or RPV respectively. (•—•) intact PAV, (#—#) 
intact MAV, (A—A) intact RPV, (•—•) dissociated PAV, (O—O) dissociated 
MAV, and (A—A) dissociated RPV 
as 
w 
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TABLE 1. Cross reactivity of monoclonal antibodies against barley yellow 
dwarf virus isolates as determined by indirect ELISA 
Minimum Concentration (ng/well) of antibody 
required for detection of BYDV isolates" 
Monoclonal antibody^ RC-PAV P-PAV MAV RPV 
P-PAV 2A5 0.5 0.5 5 500 
P-PAV 1D7 50 5 50 500 
P-PAV 3B9 5 5 500 500 
P-PAV 3A10 500 500 o 
P-PAV 3B10 50 50 50 500 
P-PAV 3A11 50 50 500 
MAV 2B12 500 500 50 500 
MAV 4F7 50 50 50 50 
RPV 3F10 50 50 50 50 
^Designation indicates the barley yellow dwarf virus isolate used 
to generate the hybridoma cell line. 
These values represent the minimum concentration (ng/well) of 
antibody required for a positive response as determined by serial ten­
fold dilution in the indirect ELISA. Average of three determinations. 
""No reactions at the levels tested. 
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TABLE 2. Cross-reactivity of monoclonal antibodies against barley yellow 
dwarf virus isoaltes as determined by double-sandwich ELISA 
utilizing rabbit polyclonal capture antisera 
Response ratio 
P-PAV MAV RPV 
Monoclonal antibody' Pure Extract Pure Extract Pure Extract 
P-PAV 2A5 
P-PAV 1D7 
P-PAV 3B9 
P-PAV 3A10 
P-PAV 3B10 
P-PAV 3A11 
MAV 2312 
MAV 4F7 
RPV 3F10 
8.2 6.9 
10.2 7.0 
NT 
10.0 
NT 
5.7 
NT 
5.0 
2.4 
1.3 
NT 
7.4 
2.3 
2 . 1  
NT 
2.3 
2 . 0  
NT 
2 . 0  
1.9 
^Designation indicates the barley yellow dwarf virus isolate used 
to generate the hybridoma cell line. 
^Response ratios are calculated as the absorbance values of 
samples containing virus divided by the absorbance of samples without 
virus. For purified virus, samples contained virus diluted to 2 ug/ml 
on 0.01 M sodium phosphate, pH 7.0 (storage buffer) or storage buffer 
alone. For virus extracts, samples contained undiluted extracts of 
infected leaves ground 1:6 w/v in 0.01 M sodium phosphate, pH 6.0 
(extraction buffer) or undiluted healthy plant extract. Average of 
three determinations. 
^Response ratio less than 1.2. 
^Not tested. 
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TABLE 3. Reaction of monoclonal antibodies against dissociated barley 
yellow dwarf virus isolates as determined by indirect ELISA 
Minimum Concentration (ng/well) of antibody 
required for detection of BYDV isolates^ 
Monoclonal antibody^ P-PAV MAV RPV 
P-PAV 2A5 5 50 500 
P-PAV 1D7 5 50 500 
P-PAV 3B9 NT^ NT NT 
P-PAV 3A10 — — —  
P-PAV 3B10 500 50 500 
P-PAV 3A11 50 50 — —— 
MAV 2B12 500 50 500 
MAV 4F7 NT NT NT 
RPV 3F10 50 50 50 
^Designation indicates the barley yellow dwarf virus isolate used 
to generate the hybridoma cell line. 
These values represent the minimum concentration (ng/well) of 
antibody required for a positive response as determined by serial ten­
fold dilution in the indirect ELISA. Average of four determinations. 
^Not tested. 
"^No reactions at the levels tested. 
67 
TABLE 4. Reaction of unlabelled-, and alkaline phosphatase conjugated—, 
polyclonal antibodies in indirect ELISA with dissociated (D), 
and formalin-stabilized (F), barley yellow dwarf virus isolates 
Response b ratio 
P--PAV MAV RPV 
Polyclonal antibody^ F-S D F-S D F-S D 
Anti-P-PAV 11.5 9.5 4.0 4.0 2.5 3.0 
Anti-MAV 7.5 3.5 8.5 5.5 2.5 2.5 
Anti-RPV 5.0 5.0 4.5 4.5 7.5 5.5 
Conjugated Anti-P-PAV 4.5 c — — 
Conjugated Anti-MAV 2.0 
Conjugated Anti-RPV 2.0 
^Polyclonal antisera was produced and conjugated as described 
previously (Lister and Rochow, 1979). 
Response ratios are calculated as the absorbance values of 
samples containing virus divided by the absorbance values of 
corresponding control samples without virus. Samples contained either 
dissociated, or formalin-stabilized, virus diluted to 2 ug/ml in coating 
buffer, or coating buffer alone. 
'"Response ratio less than 1.2. 
68 
TABLE 5. Results of competition ELISA for epitope analysis of the P-PAV 
isolate of barley yellow dwarf virus 
Competing Absorbance Percent reduction of biotinylated 
antibody^ 410 ni;i^ P-PAV bound'" 
P-PAV 2A5 0.000 100% 
P-PAV 1D7 0.000 100% 
P-PAV 3A11 0.108 2% 
NMS^ 0.110 0% 
^Unlabelled antibody added in excess to antigen coated wells. 
^Actual values obtained in competition ELISA. Average of 
three determinations. 
= A,^„ without competition) - (A,^_ with competition) 
— X 100. 
A , w i t h o u t  c o m p e t i t i o n  
4- iu 
'^Normal mouse serum; the absorbance value that was obtained by 
using NMS was used as the the absorbance 410 nm without competition. 
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SECTION II. DETECTION OF HOMOLOGOUS AND HETEROLOGOUS BARLEY YELLOW 
DWARF VIRUS ISOLATES BY USING MONOCLONAL ANTIBODIES IN 
SEROLOGICALLY SPECIFIC ELECTRON MICROSCOPY 
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ABSTRACT 
Monoclonal antibodies (M-Abs) produced against a barley yellow dwarf 
virus (BYDV) isolate transmitted specifically by the aphid vector 
Macrosiphuin (= Sitobion) avenae (MAV), an isolate transmitted specifically 
by Rhopalosiphum padi (RPV), or an isolate transmitted nonspecifically by 
both aphid vectors (PAV) were able to efficiently detect all BYDV isolates 
tested in serologically specific electron microscopy (SSEM). They did 
not, however, detect the unrelated soybean mosaic or cowpea mosaic viruses 
in SSEM. The procedure was highly sensitive, detecting as little as 7.5 
pg of virus. Also, SSEM performed on a mixture of BYDV and 
morphologically distinct soybean mosaic virus detected only BYDV 
particles. These M-Abs are specific for common, rather than 
group-specific, determinants because they are capable of binding to 
isolates from serological groups of BYDV previously regarded as 
serologically distinct. Their use in SSEM should be helpful in screening 
for a broad range of BYDV isolates, even in mixed infections with other 
viruses. 
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INTRODUCTION 
Barley yellow dwarf virus (BYDV) is an economically significant plant 
virus which causes disease worldwide in barley, wheat, oats, and many 
perennial grasses (Rochow, 1970; Fargette et al., 1982). Transmission of 
the virus is aphid-dependent. Several distinct types, based upon 
specificity of aphid transmission, have been identified. They are 
exemplified by five isolates referred to as: MAV (specifically 
transmissible by Macrosiphum (= Sitobion) avenae); RPV (specifically 
transmissible by Rhopalosiphum padi); PAV (non—specifically transmissible 
by both vectors); RMV (specifically transmissible by R. maidis); and SGV 
(specifically transmissible by S. graminum) (Rochow, 1969; Johnson and 
Rochow, 1972). Because of the phloem-restricted nature of the virus 
(Jensen, 1969; Paliwal and Sinha, 1979), BYDV occurs in very low 
concentrations in infected plant?. Detection and differentiation of BYDV 
isolates has always been difficult. Diagnosis based solely on symptoms is 
unreliable because many other agents can induce similar host reactions 
(Bantarri, 1965; Slykhuis, 1967; Gill et al., 1969). Additionally, 
BYDV-infected plants can be symptomless (James et al., 1969) or have their 
symptoms masked by summer temperatures (Gill et al., 1969). 
Differentiation schemes based on aphid transmission tests are time 
consuming and laborious (Lister and Rochow, 1979), requiring repeated 
acquisition and transmission tests (Rochow, 1969). Serological testing by 
ELISA, although faster and less labor intensive, has required testing of 
each sample with multiple antisera preparations to ascertain the presence, 
or absence, of each BYDV isolate (Lister and Rochow, 1979; Rochow and 
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Carmichael, 1979). These procedures also are subject to the limitations 
of available polyclonal antisera and have limited sensitivity. 
Serologically specific electron microscopy (SSEM) (Derrick, 1973), 
combining the specificity of serology with the sensitivity of electron 
microscopy, has been applied to detection of BYDV by using MAV-specific 
polyclonal antiserum (Paliwal, 1977). The procedure was inefficient at 
detecting the heterologous RPV and RMV isolates of BYDV. Monoclonal 
antibodies (M-Abs) produced against BYDV have been shotjn to cross-react 
with heterologous BYDV isolates (Diaco et al., 1983, 1984). This report 
describes efficient detection of a PAV-like isolate ("P-PAV"; Hammond et 
al., 1983), and the PAV, MAV, and RPV isolates of BYDV (Rochow, 1959, 
1970) with single monoclonal antibody (M-Ab) preparations in SSEM. This 
provides a distinct advantage over the polyclonal-antibody-based SSEM 
described by Paliwal (Paliwal, 1977) and is the first report of successful 
use of M-Ab in SSEM of plant viruses. A preliminary report has appeared 
(Diaco et al., 1984). 
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METHODS 
Virus and monoclonal antibodies 
The RPV, MAV, P-PAV, and RC-PAV isolates of BYDV used were purified 
at Purdue University as previously described (Hammond et al., 1983) and 
shipped frozen to Iowa State University. The unrelated soybean mosaic 
virus (SMV), strain la 75-16-1, and cowpea mosaic virus (CPMV) strain Sb, 
were purified as described by Hill and Benner (1980) and Van Kammen 
(1957), respectively. 
The monoclonal antibody preparations P-PAV 1D7, MAV 4F7, and RPV 
3F10, independently produced against the P-PAV, MAV, and RPV isolates of 
BYDV, respectively, were produced and purified as described previously 
(Diaco et al., 1983, 1984). 
Electron microscopy 
Nitrocellulose-coated carbon-stabilized 200-mesh copper grids were 
floated on 20-ul drops of M-Ab diluted in 0.05 M 
Tris(hydroxymethyl)aminomethane, pH 7.2, containing 0.92% polyvinyl 
pyrrolidone 40 (Sigma Chemical Co., St. Louis, MO; PVP-40) and 0.15 M 
NaCl (TPN buffer) for 30 min at room temperature. Dilutions of M-Ab from 
10 ug/ml to 0.08 ug/ml were compared for BYDV adsorption efficiency. For 
the three M-Ab preparations used, concentrations of 1-3 ug/ml of M-Ab 
adsorbed the homologous isolates most efficiently (data not shown). 
Therefore, solutions containing 1 ug/ml of M-Ab were used to coat all 
grids. The M-Ab-coated grids were washed, dropwise,*with 2 ml TPN buffer, 
drained onto Whatman no. 1 filter paper, and floated onto 10-ul drops of 
sample diluted in 0.01 M sodium phosphate buffer, pH 7.0 (phosphate 
75 
buffer). The grids were then incubated 30 rain at room temperature in 
closed dishes containing moistened filter paper. 
Samples consisted of purified virus, purified virus diluted in 
healthy plant extract, or healthy plant extract alone. The healthy plant 
extract was prepared by first thoroughly grinding liquid-nitrogen-frozen 
Avena sativa L. cv. 'Clintland 64* oat tissue with a prechilled mortar 
and pestle, followed by further grinding (1:6 w/v) in 0.1 M sodium 
phosphate, pH 6.0. Immediately before use, samples were subjected to 
centrxfugation for 5 min at 8740 X ^  in a Beckman Microfuge B (Beckman 
Instruments, Palo Alto, CA). This removed particulates from the samples 
and resulted in much "cleaner" grids. The grids were washed as above, 
with 2-ml phosphate buffer and 2-ml deionized H^O and were stained, 
dropwise, with 1 ml of 1% aqueous uranyl acetate. After draining and air 
drying, the grids were examined in a Hitachi HU-llC electron microscope 
operated at an accelerating voltage of 75 KV. Mean virus particle counts 
were obtained by a procedure similar to that of Paliwal (1977). Virus 
particles were counted in five 70 x 80 mm average fields of view, at an 
instrument magnification of 38,000 X, in each of three randomly selected 
grid squares. Two identically treated grids were counted for each sample. 
Mean virus particle counts (MVPC) refer to the average number of particles 
from five viewing areas. 
Detection efficiency of heterologous BYDV isolates 
To determine the detection efficiency of the homologous and 
heterologous BYDV isolates, purified virus was diluted to 50 ng/ml in 
healthy-plant extract, and the MVPC from 50 ng/ml virus solutions were 
determined. An analysis of variance, and contrasts (Steel and Torrie, 
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1980), comparing the sample totals and means, were performed on the data 
to compare adsorbtion of the different BYDV isolates by each M-Ab 
preparation. The sensitivities of the different M—Ab preparations for the 
homologous isolates were determined by performing SSEM on serial 10-fold 
dilutions containing from 750 ng to 0.75 pg of purified virus per ml of 
plant extract. The limit of sensitivity of each M-Ab preparation was 
taken as the lowest dilution showing a MVPC of five or greater. This 
dilution would have a reasonable probability of showing at least one virus 
particle per average field of view at 38,000 X. 
To assess the capability of the M-Ab based SSEM procedure to detect 
each of the isolates in infected tissues, 'Clintland 64' oat plants 
containing single BYDV isolates were extracted and examined by SSEM using 
M-Ab P-PAV 1D7 as the immunosorbent. As controls, grids coated with 
preimmune mouse—sera were used as the immunosorbent, and the unrelated 
cowpea mosaic and soybean mosaic viruses were reacted with M—Ab-coated 
grids. In another experiment to assess the specificity of the SSEM 
procedure, purified SMV and BYDV were mixed and examined by SSEM. 
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RESULTS 
Assay conditions 
Preliminary experiments revealed that some grids incubated for 2 h or 
longer at 37 C oxidized in the presence of TPN buffer and became 
contaminated with copper salts. To circumvent this problem, shorter 
incubation times were used for adsorbing M-Abs to the grids. This did not 
adversely affect the binding characteristics of the serologically specific 
grids; enough M-Ab was bound to the grids by using a 30-min incubation 
period to efficiently adsorb BYDV isolates and preclude nonspecific 
adsorption of unrelated virus. The grids were not adversely affected by 
the presence of the phosphate buffer in which the virus was diluted, even 
after 3 h at 37 C. Incubation of BYDV with serologically specific grids 
at 37 C slightly increased the number of virions entrapped over that 
obtained at room temperature (e.g. 424 and 392 virions, respectively, from 
75 ng/ml solutions of P-PAV using M-Ab P-PAV 1D7 as the immunosorbent), 
but some particles appeared degraded. With longer incubation times the 
numbers of particles entrapped increased slightly, but so did adsorption 
of nonspecific debris. Therefore, increased particle counts, relative to 
incubation time (e.g. 78, 82, and 89, for 30, 60, and 120 min, 
respectively, using 15 ng/ml solutions of P-PAV), were not considered 
sufficient to justify prolonged incubation of the M-Ab-coated grids with 
sample^.. A standard procedure was adopted in which test samples were 
incubated with M-Ab-coated grids for 30 min at room temperature. To aid 
further in preventing nonspecific adsorption of particulate matter to the 
grids, the samples were subjected to low-speed (8740 x ^ ) centrifugation 
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immediately before incubation with the M-Ab-coated grids. This treatment 
was extremely effective in removing cellular debris that interfered with 
particle counting. 
Detection of homologous and heterologous BYDV isolates 
To compare the efficiency of detecting homologous and heterologous 
BYDV isolates with each M-Ab preparation, purified virus preparations were 
diluted to 50 ng/ml with healthy-plant extract and reacted with 
M-Ab-coated grids under the optimized conditions described. The results 
(Table 1) show that each of the M-Abs could efficiently adsorb both 
homologous and heterologous BYDV isolates. Figures 1-4 show the reactions 
of M-Ab P-PAV 1D7 with 75-ng/ml solutions of the P-PAV, RC-PAV, Î-ÎAV, and 
RPV isolates of BYDV. Statistical analyses of these results indicated 
that the BYDV isolates were not adsorbed equally by any of the M-Ab 
preparations (Table 2). However, these M-Ab preparations did not 
specifically adsorb the unrelated CPMV or SMV (figures 5-8). Also, 
control grids coated with preimmune mouse-serum did not readily adsorb 
BYDV particles; MVPC with such control grids did not exceed two particles 
per viewing area. ïiîhen BYDV was mixed with the morphologically distinct 
SMV and examined by SSEM on M-Ab P-PAV 1D7 coated grids, only BYDV 
particles were adsorbed to the grids (figures 9-10). 
Sensitivity of SSEM 
The sensitivity of each M-Ab preparation was determined for the 
homologous isolate by reacting various dilutions of purified virus in 
healthy plant extract, with M-Ab-coated grids. The lowest virus 
concentrations yielding a MVPC of five or greater, were 0.75 ng/ml for 
M-Ab P-PAV 1D7 (MVPC = 5.3), 7.5 ng/ml for M-Ab MAV 4F7 (MVPC = 26.7), and 
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7.5 ng/ml for M-Ab RPV 3F10 (MVPC = 16.3), respectively, although in each 
case virus particles could still be detected in further dilutions. As an 
indication of the sensitivity of the test with infected plants, extracts 
(1:6, w/v) of laboratory inoculated Avena sativa L. cv. 'Clintland 64' oat 
plants containing each of the BYDV isolates were examined by SSEM using 
M-Ab P-PAV 1D7. The MVPC obtained for P-PAV, MAV, and RPV infected plants 
were 538, 446, and 297, respectively. 
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DISCUSSION 
Only when M-Abs were used in the SSEM procedure, were BYDV particles 
specifically adsorbed and detected by electron microscopy. Sodium 
chloride was omitted from buffers used for virus extraction and dilution 
to avoid aggregation and uneven distribution of virus particles (Beier and 
Shepherd, 1978). Paliwal (1977) diluted BYDV-infected tissues in 0.05 M 
Tris-HCl, pH 7.2, containing 0.02% PVP-40 and 0.9% NaCl, but, in our 
experiments, BYDV particles were degraded after prolonged incubation in 
this buffer. However, they were stable for long incubation periods when 
diluted in phosphate buffer, and they were dispersed evenly on the surface 
of the grids. 
Centrifugation of the samples before incubation with antibody-coated 
grids, and extensive washing with buffer and deionized water, were all 
helpful in removing contaminating particulates. These steps were 
necessary to easily distinguish the small isometric BYDV particles. 
Optimal conditions were required to achieve high sensitivity and 
specificity with the system. For the three M-Ab preparations described in 
this study, solutions containing approximately 1 ug/ml of purified M-Ab 
gave optimal adsorption of homologous virus. These concentrations also 
efficiently bound heterologous BYDV isolates, but not the unrelated 
viruses tested. Specificity was also established by exposing grids, 
treated with M-Ab, to preparations of SMV, CPMV, or to mixtures of BYDV 
with twice the concentration of SMV. In each case, only BYDV particles 
were specifically bound to the grids. Control grids coated with preimmune 
mouse—sera did not specifically bind BYDV or the other viruses. 
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Reactions in various serological test procedures, including gel 
diffusion and ELISA, have been used to separate BYDV isolates into two 
groups, each comprising isolates sharing group-specific epitopes. Thus, 
the RPV and RliV isolates share epitopes that distinguish them from the 
interrelated PAV, MAV, and SGV isolates (Rochow, 1970). However, in the 
SSEM procedure previously described (Paliwal, 1977), polyclonal antiserum 
to an MAV-like isolate, while reacting strongly with MAV-, PAV-, and 
SGV-like isolates, also reacted weakly with RMV-, and RPV-like isolates, 
suggesting an epitope common to all five isolates. In this case, the 
reduced cross-reactivity of the MAV-specific antiserum for RMV- and 
RPV-like isolates could indicate that the concentration of immunoglobulin 
molecules specific for common BYDV epitopes was low, and overshadowed by 
that of immunoglobulin specific for MAV, PAV, and SGV group-specific 
epitopes. The monoclonal antibodies we have produced are specific for 
isolates from both serological groups (PAV, MAV, and RPV) and therefore 
react with common rather than group specific epitopes (Diaco et al., 1983, 
1984). They should therefore be useful for screening a wide range of BYBV 
isolates, and may perhaps also react with isolates of the SGV and RMV 
type. 
With all three M—Abs, the MVPC was highest with homologous BYDV, but 
the MVPC obtained with heterologous BYDV isolates was at least 70% of that 
obtained with equivalent concentrations of homologous BYDV. Indeed, 
analysis of variance and contrasts (Steel and Torrie, 1980) indicated that 
no significant differences existed in the MVPC obtained when M-Ab P-PAV 
1D7 was used to detect the PAV or MAV isolates. But, significant 
differences in MVPC were obtained with this M—Ab when detection of the PAV 
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and RPV isolates was compared, and similarly with the MAV and RPV 
isolates. With M-Abs MAV 4F7 and RPV 3F10, significant differences were 
obtained in comparisons of MVPC between all three of these isolates. With 
all three M-Abs, however, there were no significant differences in 
comparisons of the MVPC obtained with the P-PAV and PAV isolates (p>> 
0.100). 
Monoclonal antibody P-PAV 1D7 was the most sensitive of the M-Abs 
detecting virus particles in solutions containing 0.75 ng/ml of virus. 
M-Abs MAV 4F7 and RPV 3F10 detected virus particles in solutions of 7.5 
ng/ml virus. Because the grids were exposed to 10 ul of sample, only 7.5 
pg of virus were required for detection by P-PAV 1D7 antibody, and 75 pg 
for the MAV 4F7 or RPV 3F10 antibodies, respectively. The differences in 
the MVPC obtained with the three M-Ab probably reflect differences in 
antibody avidity rather than in sensitivity or specificity. The 
antibody-coated grids were reacted with sample for only 30 min; under such 
conditions antibodies with stronger avidities would adsorb more virus 
particles. The MVPC obtained from 'Clintland 64* oat plants containing 
single BYDV isolates was high, suggesting sufficient sensitivity in the 
assay for detection of BYDV-infected plants. Because virus content varies 
with host, duration of infection, and other factors, assessment of SSEM 
sensitivity with plant extracts will require extensive investigations, but 
it seems likely to be similar to that of ELISA. 
The data indicate that SSEM utilizing selected M-Abs is a sensitive 
and specific procedure to detect BYDV—infected plants containing virus 
isolates like PAV, MAV, RPV, and perhaps others. It should also be useful 
in detecting BYDV in mixed infections with other viruses. It should serve 
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as a useful epidemiological tool for estimating the frequency of BYDV 
Infection, especially in areas where more than one isolate of BYDV is 
endemic. Because the assay involves monoclonal rather than polyclonal 
antiserum, further production of BYDV-specific immunoglobulin with 
specific binding properties is now greatly simplified. 
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Table 1. Mean virus particle counts (MVPC) and detection 
efficiency of BYDV isolates with three monoclonal 
antibody preparations in SSEM 
MVPC^ (% detection efficiency)^ with M-Ab:*^ 
BYDV isolate P-PAV 1D7 MAV 4F7 RPV 3F10 
P-PAV 263.3 (100) 132.2 (82.3)  80.3 (84.5) 
RC-PAV 251.5 (95.5)  127.2 (79.2)  79.0 (83.2)  
MAV 245.8 (93.3)  160.7 (100) 39.8 (94.5)  
RPV 225.5 (85.6) 112.5 (70.0) 95.0 (100) 
^Average number of BYDV particles counted in five 
70 X 80 mm viewing areas at an instrument magnification of 
38,000 X. Counts taken from three randomly selected grid 
squares on two identically treated grids. 
b^ _ mean heterologous virus particle count ^ i00% 
mean homologous virus particle count 
^Mean virus particle counts with control grids, coated 
with preimmune mouse-sera, did not exceed two particles per 
viewing area. 
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Table 2. Comparison between mean virus particle counts obtained with 
BYDV isolates using three monoclonal antibody preparations 
isolates compared^ Immunosorbent^ Probability 
PAV and MAV P-PAV 1D7 P>0.100 
PAV and RPV P-PAV 1D7 P<0.010 
MAV and RPV P-PAV 1D7 P<0.D50 
PAV and MAV MAV 4F7 P<0.005 
PAV and RPV MAV 4F7 P<0.010 
MAV and RPV MAV 4F7 P<0.005 
PAV and MAV RPV 3F10 P<0.005 
PAV and RPV RPV 3F10 P<0.005 
MAV and RPV RPV 3F10 P-0.050 
^lean virus particle counts were compared by analysis of 
variance and contrasts. 
^Monoclonal antibody preparation used in SSEM procedure at 
1 ug/ml. 
^Probabilities less than 0.050 are significant, P<0.01 are 
highly significant, with respect to indicating that the pairs of isolates 
compared were adsorbed with different efficiencies. 
Figures 1-4. Reactions of M-Ab P-PAV 1D7 in serologically 
specific electron microscopy with 75 ng/inl solutions of 
P-PAV (Fig. 1), RC-PAV (Fig'. 2), MAV (Fig. 3), and RPV 
(Fig. 4). Bar = 50 nra 
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Figure 5-8. Negative stains of 150 ng/ml solutions of soybean mosaic 
virus (Fig. 5) and cowpea mosaic virus (Fig. 7), and reaction of grids 
treated with M-Ab P-PAV ID? in SSEM with these solutions (Figures 6 
and 8 for soybean mosaic virus and cowpea mosaic virus, respectively). 
Bar = 50 nm 
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Figures 9-10. Negative stain of a mixture containing 75 ng/ml of P-PAV 
and 150 ng/ml of soybean mosaic virus (Fig. 9), and reaction of grids 
treated with M-Ab P-PAV ID? in serologically specific electron microscopy 
with this solution (Fig. 10). Bar = 50 nm 
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SECTION III. MONOCLONAL ANTIBODY BASED BIOTIN-AVIDIN ELISA FOR 
THE DETECTION OF SOYBEAN MOSAIC VIRUS IN SEEDS 
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Two monoclonal antibodies (M—Abs) specific for different epitopes on 
soybean mosaic virus (SMV) were used in a double-antibody sandwich ELISA 
(M-Ab ELISA). The ability of the non-isotopic immunoassay, which used a 
biotinylated second antibody and an avidin-alkaline phosphatase detection 
system, to detect SMV in soybean seed extracts, was compared with a 
polyclonal antibody—based solid—phase radioimmunoassay (SPRIA). The 
non-isotopic M-Ab ELISA was more sensitive than the polyclonal SPRIA and 
was able to detect less than 10 ng of SMV/ml as compared with about 25 ng 
SMV/ml, respectively. When seeds from 33 field plots, in which 0%, 30%, 
and 50% of the soybean plants had been inoculated with SMV, were assayed 
by both systems, results of the two tests correlated for 31 of 33 (94%) 
seed samples. This suggests that dual-site biotin-avidin M-Ab ELISA 
systems have potential utility for routine screening of seed samples. 
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INTRODUCTION 
Monoclonal antibodies (M—Abs) produced by somatic cell hybridization 
(Kohler and Milstein, 1975) have great potential for plant virus 
diagnosis. They have been shown to be applicable to virus detection 
(Gugerli and Fries, 1983; Diaco et al., 1984; Hill et al-, 1984) as well 
as for serological differentiation (Briand et al., 1932; Diaco et al., 
1983; Gugerli and Fries, 1983; Halk et al., 1984; and Hsu et al., 1934). 
We have recently developed a M-Ab based solid-phase radioimmunoassay 
(SPRIA) for the detection of soybean mosaic virus (SMV) (Hill et al., 
1984). The objectives of this research were to prepare a highly 
sensitive, non-isotopic, immunoassay that could be used to detect the 
presence of SMV antigen in infected seeds. Unlike immunoassays utilizing 
M-Abs developed by other researchers, which make use of polyclonal capture 
antisera (Gugerli and Fries, 1983; Hsu et al., 1984), our assay relies on 
two M-Abs specific for different epitopes on the virus particle. The dual 
M-Ab system (M-Ab ELISA) has distinct advantages over the mixed 
polyclonal-M-Ab systems. This assay obviates the need for continued 
production of polyclonal antisera and provides for the use of standardized 
conditions in different laboratories. The assay, which utilizes a 
biotin-avidin detection system, is capable of detecting SMV at a 
concentration of 1 to 5 ng of purified virus per ml and less than 10 ng 
per ml when in the presence of seed extract. 
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Field-collected seed samples were assayed by M-Ab ELISA and 
polyclonal antibody based SPRIA (Bryant et al., 1983). The results of the 
two tests correlated 94%, indicating the potential utility of M-Ab ELISA 
for routine screening assays. 
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METHODS 
Virus and antisera 
SMV (la 75-16-1) was purified fron infected Glycine max (L.) Merr. 
cv. Williams as described by Hill and Benner (1980). Virus concentration 
was estimated spectrophotometrically by using = 2.4 (Purcifull, 
1966). The M-Abs 51 and S2 used in this study were described elsewhere 
(Hill et al., 1984). 
Purification and biotinylation of monoclonal antibodies 
M-Abs were purified by affinity chromatography of ascites fluid by 
using protein-A-Sepharose CL-4B, (Pharmacia, Piscataway, NJ). IgG was 
bound by using 0.1 M Na^HPO^, pH 8.0, and eluted with 5% acetic acid in 
saline, pH 3.0. IgG-containing samples were neutralized by addition of 
0.5 M NaOH, and the concentration was determined by A^gg = 1.4. The M-Ab 
SI was biotinylated by using a modification of the method of Bayer et al. 
(1979). Essentially, biotinyl-N-hydroxysuccinimide ester (Sigma Chemical 
Co., St. Louis, MO), dissolved in dimethylformamide, was added to 
protein-A purified SI IgG in a 1:50 v/v, 10:1 mol/mol ratio. The mixture 
was rotated for 4 h at ambient temp on an end-over-end mixer followed by 
overnight incubation at 4 C. Unconjugated biotin was removed by dialysis 
against three 1-liter changes of 0.01 M phosphate buffered saline (PBS), 
pH 8.0. A slight precipitation in the dialysate, presumably degraded 
immunoglobulin, was removed by centrifugation for 5 min at 8740 x ^  in a 
Beckman Microfuge B (Beckman, Instruments, Palo Alto, CA). The clarified 
preparation was then either stored with 0.02% NaN^ at 4 C or mixed 1:1 
with glycerol and stored at -20 C. 
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An indirect ELISA was performed on the biotinylated and unlabelled SI 
M-Ab to determine the effect of biotinylation on antibody activity. The 
indirect ELISA was performed in 96-well Dynatech Immulon I Microtiter 
plates (Dynatech, Alexandria, VA) by binding 50 ul/well of a 10 ug/ml 
solution of purified SMV in 0.05 M carbonate-bicarbonate (coating buffer), 
pH 9.6, for 4 h at 37 C. Unattached virus was rinsed off with wash buffer 
(0.01 M PBS, pH 7.4, with 0.05% Tween 20), and unbound protein binding 
sites were blocked by incubating 300 ul/well of blocking buffer (wash 
buffer containing 1% bovine serum albumin) for 45 rain at room temp. After 
being washed twice, 50 ul/well samples of serial 10-fold dilutions of 
non-labelled and biotinylated SI M-Ab were added to the plates. The 
plates were incubated 90 rain at 37 C, washed 3 times, and 50 ul/well of 
alkaline phosphatase conjugated rabbit anti-mouse IgG (Sigma, diluted 
1:1000 in wash buffer) was added. Following 90 min of incubation at 37 C, 
the plates were washed 3 times, and 50 ul/well of a 1 mg/ml solution of 
the substrate p-nitrophenyl phosphate (p-NPP) in 10% diethanolamine, pll 
9.3, was allowed to react 90 min at 37 C. The reaction was terminated by 
addition of 50 ul/well of 3 N NaOH, and the A^^g determined by using a 
Dynatech Minireader II. 
Solid phase radioimmunoassay 
The polyclonal antibody based SPRIA has been described elsewhere 
(Bryant et al., 1983). Immunopurified rabbit polyclonal IgG was prepared 
as described by McLaughlin et al. (1980). Optimal capture antibody and 
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K-labelled antibody concentrations, obtained by calculation of binding 
ratios (Hill et al., 1981), were 2.5 ug available protein/polystyrene bead 
3 
and 2.5 ug/ml, respectively. The specific activity of the H-labelled IgG 
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was 6.75 uCi/mg protein. 
Biotin-avidin ELISA 
Optimal concentrations of capture IgG, biotinylated IgG, and alkaline 
phosphatase-conjugated avidin (Sigma) required for satisfactory assays, 
were determined by calculation of binding ratios (Hill et al., 1931). The 
capture and biotinylated M-Abs used in this assay were S2 and SI, 
respectively (Hill et al., 1984). For determination of optimal 
conditions, or standard curves, purified SMV was diluted in 0.05 M sodium 
borate, pH 7.2, (BB) with 0.5% (NaPOg)^^ to prevent virus aggregation 
(Bryant et al., 1983). The optimized M-Ab ELISA for detection of viral 
antigen in seed extracts required coating Microtiter plates with 100 
ul/well of a 2.75 ug/ml solution of purified S2 M-Ab in coating buffer for 
90 min at 37 C. The plates were washed once, blocked for 30 min at room 
temp, washed twice more, and 200—ul samples of purified virus, or seed 
extracts prepared in BB as described by Bryant et al. (1983), were added 
to the wells. Test samples were incubated overnight at 4 C and washed 3 
times to remove unbound proteins; then, 50 ul/well of a 1.2-ug/ml solution 
of biotinylated SI M-Ab was added. Unbound labelled-IgG was washed off 
after 1 h at 37 C, and 50 ul/well of a 0.25-ug/ml solution of alkaline 
phosphatase-conjugated avidin, diluted in wash buffer, was added. The 
enzyme-conjugate was reacted for 1 h at 37 C, and then the plates were 
washed 3 times, incubated with 100 ul/well of substrate for 30 min at 37 
C, and the reaction stopped by addition of 50 ul/well 3 N NaOII. 
Absorbance values at 410 nm were measured, and the concentration of viral 
antigen in seed extracts was determined by extrapolation from a standard 
curve. Reactions were regarded as positive when the A^^^ of the sample 
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was greater than the mean of the control (containing no virus 
antigen) plus three standard deviations; samples with A^^^ values below 
this level were considered negative. 
Assay of field-collected seed samples 
As part of an experiment to be described elsewhere (Hill et al., in 
preparation), 33 field plots, containing 300 plants/plot, were 
established. Treatments, arranged in randomized complete-block design, 
were 11 plots each of the soybean cultivar 'Amsoy* in which 0%, 30%, or 
50% of the plants were randomly inoculated by mechanical means with Sl-ÎV at 
growth stage V-1 (Fehr and Caviness, 1977). To assay the level of 
infection in each plot, randomly chosen leaves from 10% of the plants in 
each plot were indexed for SMV antigen by a polyclonal antibody-based 
ELISA (Hill et al., 1981) at growth stage R-6 (Fehr and Caviness, 1977). 
The seeds from each field plot were harvested at maturity, and one sample 
of 100 seeds from each plot was processed and assayed by both SPRIA and 
M-Ab ELISA. Extraction of seeds was performed as described previously 
(Bryant et al., 1983). 
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RESULTS 
Reactivities of biotinylated and non-labelled M-Abs 
Both non-labelled and biotinylated M-Ab SI preparations gave dilution 
end-point titers of 1 ng/ml in the indirect ELISA (Fig. 1). Furthermore, 
no difference was seen with use of biotinylated M-Ab stored at 4 C with 
NaNg or mixed 1:1 with glycerol at -20 C. The small difference in the 
dilution end-point absorbance readings (0.75 for non—labelled M-Ab and 
0.49 for biotinylated M-Ab) may have been caused by slight denaturation of 
the IgG during labelling or by loss of IgG on the wall of the dialysis 
membrane. Precipitated (denatured) IgG was removed by centrifugation 
before use. 
Biotin-avidin ELISA 
Initial experiments utilizing purified SMV and M-Abs SI and S2 
defined clear optimal concentrations of S2 capture antibody, biotinylated 
51 antibody, and alkaline phosphatase-conjugated avidin. The minimum 
quantity of purified SMV detectable in this system, in the absence of seed 
extract, is between 1 and 5 ng of virus/ml (Fig. 2). Known quantities of 
purified SMV were added to healthy seeds and extracted by standard methods 
(Bryant et al., 1983). When these extracts were allowed to react in the 
ELISA for 1 h at 37 C, the limit of sensitivity was 25 ng/ml and the 
stoichiometry was unsatisfactory (Fig. 3). However, when the extracts 
were reacted overnight at 4 C, the assay detected less than 10 ng/ml of 
virus antigen and the relationship between virus concentration and 
absorbance was stoichiometric between 10 and 1000 ng of virus/ml (Fig. 4). 
The overnight incubation step with seed extracts was therefore adopted as 
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standard protocol. 
Assay of field-collected seed samples 
Of 33 seed lots assayed, 11 were from plots in which 50% of the 
plants had been inoculated, 11 were from 30% inoculated plots, and 11 were 
from 0% inoculated plots. Each seed lot was sampled independently in 
duplicate and the results were averaged to give an estimation of the 
concentration of SMV in seed from each field plot. As estimated by M-Ab 
ELISA, the seed samples from 50% inoculated plots contained from 240 to 
2000 ng of SMV/ml, with an average of 372 ng/itil; the 30% inoculated plots 
contained from 20 to 600 ng/ml, with an average of 361 ng/ml; and those 
from 0% inoculated plots had undetectable (less than 5 ng/ml) levels of 
SMV. 
The infectivity data from the polyclonal antibody based ELISA 
estimated that between 20% and 73% of the plants in the 50% inoculated 
plots were infected, 10% to 50% of the plants in the 30% inoculated plots 
were infected, and 0% to 20% of the plants in the 0% inoculated plots 
contained virus. 
Results from the SPRIA correlated well with those of M-Ab ELISA. 
Twenty of the 22 field samples found positive by M-Ab ELISA also gave 
positive results in the SPRIA. Eleven of the field samples were negative 
by both SPRIA and M-Ab ELISA. The limit of sensitivity of the SPRIA was 
found to be about 25 ng/ml. Estimates of SM\' content in the seed samples 
with use of SPRIA .were 124 to 436 ng/ml, with an average of 224 ng/ml, for 
the 50% inoculated plots, and 0 to 302 ng/ml, with an average of 147 
ng/ml, for the 30% inoculated plots. No virus was detected in seed from 
the plots not inoculated. 
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Storage of ELISA plates 
To determine the effect of storage on capture-antibody coated plates, 
M-Ab ELISA was performed by using freshly prepared ELISA plates and plates 
that had been coated with capture antibody, blocked, washed, and stored 
dry at 4 C for 6 weeks. In one such experiment, the mean difference in 
absorbance values between freshly prepared and aged plates was 0.014 A^^^ 
units. This suggests that plates can be coated well in advance of seed 
preparation with no loss of sensitivity or discrimination in the assay. 
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DISCUSSION 
Sensitive and reliable immunoassays for plant viruses are important 
for routine screening or indexing systems, especially when materials may 
be exported to foreign countries that prohibit importation of 
virus-infected germplasm. The double-antibody sandwich form of 
immunoassay has been widely used for plant virus diagnosis (Jermoljev et 
al., 1970; Ghabrial and Shepherd, 1980; Clark and Adams, 1977; Koenig, 
1978). ELISA (Lister, 1978; Hill et al., 1981; Chen et al., 1982) and 
SPRIA systems (Bryant et al., 19S2, 1983; Kill et al., 1984) have been 
developed for the detection of SMV in soybean seeds. Although the 
sensitivity of the double-sandwich ELISA systems was quite high, their 
utility for quantitative assays of a large range of naturally occurring 
SMV strains was limited (Chen et al., 1982). This presumably is due to 
alterations in the antibody combining site, which can occur during 
3 
conjugation (Koenig, 1978). SPRIA systems, using a H-labelled detecting 
antibody, are more sensitive and possess a broad cross-reactivity for 
different SMV isolates (Bryant et al., 1983; Hill et al., 1984) but 
require disposal of radioactive waste-liquids and frequent conjugation 
because of decreasing specific activity of the labelled detecting antibody 
during storage (Hill, unpublished). 
Because conjugation of antisera with large enzyme molecules can cause 
alterations in the immunoreactivity of the antibodies, especially to 
heterologous isolates (Koenig, 1978; Diaco, unpublished), we decided to 
examine the potential of a biotin-avidin detection system. The extremely 
small size (MW=244) and gentle conditions for coupling to proteins (Bayer 
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et al., 1979) makes biotin an attractive marker for immunoglobulin 
molecules. Biotin N-hydroxysuccinimide ester is coupled to free amino 
groups on proteins resulting in formation of stable (covalent) amide 
linkages (Guesdon et al., 1979). Furthermore, biotinylation allows 
binding of several biotin molecules to a single protein (Hoffman et al., 
1978). Each biotin molecule can bind to an avidin molecule causing 
amplification of assay sensitivity (Shar.isuddin and Harris, 1983). Even 
after extensive substitution of amino groups in antibody molecules by 
biotin, antigen-binding capacity is not modified (Guesdon et al-, 1979). 
Biotinylated and unlabelled SI M-Ab exhibited parallel curves and 
identical dilution end-point titers when compared by indirect ELISA; the 
slight differences in absorbance readings probably were due to loss of IgG 
during labelling. 
To ensure maximum sensitivity and specificity in M-Ab ELISA, the 
concentrations of capture IgG (M-Ab S2), biotinylated IgG (M-Ab SI), and 
alkaline phosphatase-conjugated avidin were optimized by calculation of 
binding ratios (Hill et al., 1981). The SPRIA developed in our 
laboratories requires 3 to 4 days for completion of the assay (Bryant et 
al., 1983). We attempted to shorten the assay time considerably with M-Ab 
ELISA. The capture IgG concentration was optimized for a 90-min 
incubation at 37 C. It is feasible to use higher concentrations of 
immunoglobulins by using M-Abs because further production of specific IgG 
is greatly simplified, whereas the immunopurified polyclonal antisera used 
in SPRIA (McLaughlin et al., 1980) is more difficult to producer. Also, it 
is often possible to choose M-Abs with high affinity for their specific 
antigen to minimize the time required for antigen-antibody interaction. 
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With purified virus in the absence of seed extract, it was possible 
to achieve a sensitive and stoichiometric assay by incubating the antigen 
with capture-antibody coated plates for 1 h at 37 C. However, when 
purified virus was mixed with seed extract and reacted only 1 h at 37 C, 
the assay was less sensitive and had unsatisfactory stoichioinetry. This 
is similar to results obtained previously with both polyclonal and 
monoclonal antisera in SPRIA (Bryant et al., 1983; Hill et al., 1984) and 
probably is due to inhibition of antibody diffusion and binding caused by 
the large concentrations of oils, host tissues, and proteins, present in 
soybean seed extracts. To circumvent this problem, and achieve 
satisfactory levels of sensitivity and stoichiometry, it was necessary to 
extend the incubation time with seed extracts to 15 h (overnight) at 4 C. 
Even with this prolonged incubation, the absorbance values obtained for 
similar antigen concentrations were reduced by about 50%. Biotinylated SI 
M-Ab was optimized to react with immobilized antigen for 1 h at 37 C. 
Because the binding of avidin to biotin has a dissociation constant of 
10 (Green, 1975) and several biotin molecules are bound to each 
immunoglobulin molecule, it was possible to optimize the incubations of 
enzyme-conjugate and substrate for 1 h and 30 min, respectively. 
Therefore, the entire assay can be reliably performed in less than 36 h. 
Under these conditions, the assay is capable of detecting less than 10 ng 
SMV/ml of seed extract, and the reaction is stoichiometric between 10 and 
1000 ng/ml. For laboratory work with purified or partially purified 
preparations of SMV, M-Ab ELISA can be performed in 5.5 h or in only 3.5 h 
if plates are coated with capture-antibody and blocking buffer in advance. 
Plates prepared in this way can be stored for up to 6 weeks with no loss 
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in assay sensitivity or discrimination. This is extremely useful for 
routine monitoring of virus-purification procedures or when large numbers 
of seed lots will be monitored over a period of several weeks. 
The M-Ab ELISA was examined for applicability to virus detection in 
field-grown soybean seed and was compared with a polyclonal antibody-based 
SPRIA. Twenty-two of 33 seed lots were found to contain SMV antigen by 
M—Ab ELISA; the 11 remaining seed lots contained undetectable levels of 
SMV antigen. The 22 seed lots found positive by M-Ab ELISA came from 
field plots in which 30% or 50% of the soybean plants had been 
mechanically inoculated with SMV. All 11 seed lots found negative by M-Ab 
ELISA came from field plots in which none of the soybean plants (0%) were 
mechanically inoculated with SMV, Only 20 of the 22 seed lots found 
positive by M-Ab ELISA were found to contain detectable levels of SMV when 
analyzed by SPRIA. All 11 of the seed lots found negative by M-Ab ELISA 
were also found negative by SPRIA. The two seed lots that gave 
contrasting results by SPRIA and M-Ab ELISA were from plots in which 30% 
of the plants had been mechanically inoculated with SMV. When indexed at 
growth stage R-6 with the polyclonal antibody-based ELISA, it was 
estimated that 27% and 23% of the plants in these field plots contained 
SMV. Furthermore, seed from these two field plots were estimated to 
contain 100 and 450 ng of SMV/ml, respectively, by M-Ab ELISA. This 
discrepancy between M-Ab ELISA and SPRIA with these two seed lots may be 
due to differences in sensitivity or possibly the form of SMV antigen in 
the seeds. The M-Ab ELISA may recognize viral subunits or degraded virus 
not recognized by the polyclonal antibody based SPRIA. Alkaline 
phosphatase conjugated polyclonal antibodies specific for barley yellow 
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dwarf virus (BYDV) do not recognize dissociated BYDV (Diaco, unpublished). 
The presence of incomplete or dissociated SMV antigen in the seeds nay 
therefore be responsible £rr the positive responses by M-Ab ELISA. This 
would also explain why M-Ab ELISA gave higher estimations of viral content 
in all the positive seed lots (data not shoim). 
Virus antigen was found in plants from 6 of the 11 uninoculated field 
plots. The virus presumably was introduced into these plots by aphid 
spread. Between 2% and 20% of the plants in these plots were estimated to 
be virus infected; however, when tested by M-Ab ELISA and SPRIA, none of 
the seed lots from these plants were found to contain detectable levels of 
SMV. This probably is because secondary spread by aphids (Abney et al., 
1976; Lucas and Hill, 1980) did not occur until late in plant development. 
Seeds from plants infected late in development often contain low 
concentrations of virus (Bowers and Goodman, 1979). These concentrations 
were seemingly undetectable by our assays. 
When SMV-specific M-Abs SI and S2 were reacted against SMV isolates 
G1-G5, no differences were detected (Hill et al., 1984). Although SI and 
S2 distinguish between different epitopes on SMV (Hill et al., 1984), it 
seems that these epitopes are common to all SMV strains tested. Our 
results demonstrate that an effective il-Ab ELISA can be developed for the 
detection of SMV antigen in soybean seeds. The assay requires less time 
and is more sensitive than a SPRIA using rabbit polyclonal antisera. We 
also demonstrate the utility of using a biotin-avidin detection system for 
plant virus detection. The ease of use and high sensitivity obtained with 
this system will allow application to a wide variety of assays. 
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Figure 1. Indirect ELISA comparing the reactivites of unlabelled M-Ab SI 
(• #), biotinylated SI stored with NaM_ at 4 C ^), and biotinylated 
51 mixed 1:1 (V/V) with glycerol and stored at -20 C (O O) • Dilutions 
of the three M-Ab preparations were reacted with Microtiter plates coated 
with 0.5 ug/well of soybean mosaic virus. The absorbance at 410 nm for 
bound antibody was determined, after washing, by reaction with alkaline 
phosphatase conjugated rabbit antimouse IgG followed by addition of 
substrate 
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Figure 2. Relationship between absorbance at 410n nni in M-Ab ELISA and 
concentration of purified soybean mosaic virus diluted in 0.05 sodium 
borate, pH 7.2, containing 0.5% (NaPO^)^^^. Capture S2 M-Ab and 
biotinylated SI M-Ab concentrations were 2.75 ug/ml and 1.2 ug/ml, 
respectively. Purified virus was incubated with capture S2 M-Ab for 15 h 
at 37 C 
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Figure 3. Relationship between absorbance at 410 nm in M-Ab ELISA and 
concentration of purified soybean mosaic virus in extracts of healthy seen 
prepared in 0.05 M sodium borate, pH 7.2. Capture S2 M-Ab and 
biotinylated SI M-Ab concentrations were 2.75 ug/inl and 1.2 ug/ml, 
respectively. Extracts were incubated with capture 52 M-Ab for only 1 h 
at 37 C 
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Figure 4. Relationship between absorbance at 410 nm in M-Ab ELISA and 
concentration of purified soybean mosaic virus in extracts of healthy seed 
prepared in 0.05 M sodium borate, pH 7.2. Capture S2 M-Ab and 
biotinylated SI %-Ab concentrations were 2.75 ug/ml and 1.2 ug/ral 
respectively. Extracts were incubated with capture 82 M-Ab for 15 h at 4 
C 
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SECTION IV. AFFINITY PURIFICATION OF SOYBEAN MOSAIC VIRUS BY USING 
MONOCLONAL ANTIBODIES 
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ABSTRACT 
Immunoaffinity columns, prepared by covalently binding monoclonal 
antibodies to an agarose support matrix, were used to immuno-purify 
soybean mosaic virus (SMV). No contaminating proteins were detected by 
polyacrylamide gel electrophoresis of SI-lV iminuno-purified from plant sap. 
Affinity-purified SMV was identical in infectivity, u.v. absorbance 
profile, 280 nin/260 nm absorbance ratio, sedimentation coefficient, 
electrophoretic pattern of coat protein, morphology, and antigenicity, to 
virus purified by standard procedures. The method, is rapid, 
reproducible, capable of yielding highly purified virus preparations, and 
may be applicable to the purification of a wide variety of plant viruses. 
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INTRODUCTION 
Purification of plant viruses is often difficult and time consuming. 
Many purification procedures involve extraction, clarification, 
precipitation, differential centrifugation, density gradient 
centrifugation, and concentration to achieve highly purified virus 
preparations (Matthews, 1981). Gel filtration procedures are generally 
less time consuming but require much processing of tissues before 
chromatography and often yield preparations contaminated with high 
molecular weight host components (Hewish and Shukla, 1983). 
Antibodies immobilized onto support matrices have been used to 
immuno-purify a wide variety of biological compounds such as bacterial 
proteins (Sjoberg and Holmgren, 1973 ), enzymes (Melchers and Messer, 
1970; Erickson and Steers, 1970), hormones (Akanuma et al., 1970; 
Weintraub, 1970; Murphy et al., 1973), viral proteins (Oroszlan et al., 
1975), and animal viruses (Kenyon et al., 1973; Sweet et al., 1974). 
Monoclonal antibodies (M—Abs) have become attractive reagents for use in 
immunoaffinity procedures (Secher and Burke, 1980; Novick et al., 1982, 
1983) because of their high specificity (Kohler and Milstein, 1975). The 
use of M-Abs as immunosorbents, for affinity chromatography, can result in 
single-step procedures yielding high levels of purity. 
We report the purification of soybean mosaic virus (SMV) by affinity 
chromatography. The procedure involves the use of an immunosorbent 
prepared by covalently coupling M-Abs to an agarose support matrix. The 
immunoaffinity column was used to purify SMV from plant sap. 
Affinity—purified virus was essentially identical to virus purified by 
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standard methods, suggesting the potential for use of the technique in 
large-scale purification of a variety of plant viruses. 
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METHODS 
Virus and antisera 
SMV (la 75-16-1) was purified fro^ infected Glycine max (L.) Merr. 
cv. Williams as described by Hill and Benner (1980). Virus concentration 
was estimated spectrophotometrically by using ~ (Purcifull, 
1965). The M—Abs SI and 52 used in this study are described elsewhere 
(Hill et al., 1984). 
Purification of IgG and preparation of immunoaffinity colunns 
M-Abs were purified from ascites fluid by using protein-A-Sepharose 
CL-AB (Pharmacia, Piscataway, NJ). IgG was bound by using O.IM Na^HPO^, 
pH 3.0, and eluted with 5% acetic acid in saline, pH 3.0. Concentrations 
of IgG were determined using = 1.4 after adjustment of samples to pH 
7.0 - 8.0 with 1 N NaOH. 
Approximately 3.5 mg of protein-A purified S2 M-Ab was dialyzed 
against three 1-liter changes of 0.05 M 
N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES), pH 8.0. The 
IgG was added to an equal volume (5.3 ml) of Affi-gel 10 beads (BIO-RAD 
Laboratories, Richmond, CA), which had been prewashed, immediately before 
addition of the IgG, twice with 30-ml of ice-cold deionized distilled 
water (DD—H2O) and once with 30 ml of 0.05 M HEPES, pH 8.0 at 4 C. The 
mixture was rotated overnight on an end-over—end mixer at 4 C to allow 
adsorption of the immunoglobulins. The concentration of unbound 
immunoglobulin was determined by measuring the ^2^0 values of the 
supernatant and washes. Approximately 7.5 mg (90 % coupling efficiency) 
of S2 IgG was bound to the affinity matrix. The immunosorbent was placed 
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in a 90 X 150 mm chromatographic column (Pharmacia), and was washed with 
100 ml of 0.05 M sodium borate, pH 8.0, containing 0.15 M NaCl (BBS). To 
prevent further nonspecific adsorption of proteins to the affinity matrix, 
4 ml of a 5 mg/ml solution of bovine serum albumin in BBS was added, and 
the column was washed with BBS until the eluant had an of less than ZDU 
0.05. The column was then washed with 50 ml of 0.05 M sodium borate, pH 
3.0 (BB), 50 nil of DD-ll^O, pH 3.0, and 50 ml of BBS before the first 
addition of virus. 
Affinity purification of SMV 
For optimization and analysis of the affinity chromatographic 
procedure, purified SI-ÎV, diluted in BB, was layered on the column and 
allowed to react overnight with the affinity matrix. To remove unbound 
virus, the column was washed with BB until the effluent was less than 
0.05. To elute bound virus, the column was washed with 25 ml DD-H^O, pH 
8.0, and then with DD-H^O, pH 3.0. Fractions containing virus were 
adjusted to 0.01 M sodium phosphate, pH 7.0, by the addition of one-tenth 
volume of 0.1 M sodium phosphate, pH 7.0, and the virus concentration was 
determined by A^^g = 2.4. For purification of SMV from plant sap, virus 
was diluted in plant extract obtained by triturating 5 g of uninfected 
Williams cv. soybean leaves in 10 ml of 0.5 M sodium-potassium phosphate, 
pH 7.2. Before use, the extract was expressed through three layers of 
cheesecloth and subjected to centrifugation for 5 min at 8740 x ^  in a 
Beckman microfuge B (Beckman Instruments, Palo Alto, CA). Plant extract, 
after the addition of purified virus, was reacted with the affinity matrix 
overnight at room temperature and eluted as previously described. 
129 
Characterization of affinity purified SMV 
Several characteristics of affinity purified virus were compared with 
those of virus purified by standard procedures (Hill and Benner, 1980), 
and with "mock-purified" virus. "Mock-purified" virus was prepared by 
diluting purified virus with at least 30-volumes of DD-H2O, pH 3.0, 
incubating 5 min at room temperature, and adjusting the virus solution to 
0.01 M sodium phosphate, pH 7.0, by the addition of 0.05 M sodium 
phosphate, pH 7.0. The virus preparations were concentrated by 
ultracentrifugation at 65,000 x ^  for 2 h and resuspended in 0.05 M sodium 
phosphate, pH 7.0. 
Infectivity of the preparations was estimated by using a 
detached-half-leaf local lesion assay (Milbrath and Soong, 1975). 
Spectral properties were determined by using a Perkin Elmer Lambda 5 
spectrophotometer. Protein molecular weights were determined by sodium 
dodecyl sulfate (SDS) slab gel electrophoresis using 12% and 5% resolving 
and stacking gels, respectively (Laemmli, 1970). Protein subunits were 
obtained by heating virus preparations with an equal volume of 0.125 M 
Tris-HCl, 2% SDS, 2% 2-mercaptoethanol, and 30% glycerol for 5 min at 100 
C. Sedimentation coefficients were determined as described by Brakke and 
Van Pelt (1970) using purified tobacco mosaic virus and cowpea mosaic 
virus, strain Sb, as standards. Linear-log sucrose gradients, prepared as 
described in ISCO tables (Jackson, et al., 1977) for an SW 41 rotor 
(Beckman Instr.) at 5 C using a buoyant density of 1.3, were run at 77,100 
X ^  for 2.5 h. The morphology of affinity-purified preparations was 
examined by negatively staining particles with 1% aqueous uranyl acetate. 
Antigenicity of the viral preparations was compared by using a monoclonal 
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antibody based ELISA. Dilutions of virus in 0.05 M sodium phosphate, pH 
7.0, were incubated overnight in 96-well Microtiter plates (Immulon I, 
Dynatech, Alexandria, VA) which were coated with 275 ng/well of M-Ab S2 
and blocked by the addition of 0.01 M phosphate buffered saline (PBS), pH 
7.4, containing 1% bovine serum albumin, and 0.05% Tween 20. Biotinylated 
M-Ab SI (Bayer et al., 1979) was added to wells (60 ng/well) and incubated 
for 1 h at 37 C, followed by the addition of 12.5 ng/well of alkaline 
phosphatase conjugated avidin (Sigma Chemical Co., St. Louis, MO) for 1 h 
at 37 C, and 50 ng/well of the substrate p-nitrophenyl phosphate in 10% 
diethanolamine (Voiler et al., 1979). Four washes with PBS containing 
0.05% Tween 20 preceded each addition. The substrate was allowed to 
incubate 30 min at 37 C, at which time 50 ul/well of 3N NaOH was added, 
and the absorbance at 410 nm was determined for each well by using a 
Dynatech Minireader II. 
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RESULTS 
Several important characteristics of SMV were examined to compare the 
physical and biochemical characteristics of affinity-purified virus with 
virus purified by standard procedures. Because SÎ1V is not subjected to 
incubation at pH 3.0 during normal purification procedures, we included a 
control of "mock-purified" virus, which was incubated in pH 3.0 DD-H^O for 
comparison. A comparison of the infectivity of untreated (used as the 
half-leaf assay control), "mock-purified", and affinity-purified SMV 
appears in Table 1. These results show that incubation of virus in pll 3.0 
DD-H^O has little effect on infectivity and that infectious virus can be 
obtained by affinity purification. In other experiments, the infectivity 
of affinity-purified virus was either higher or lower than "mock-purified" 
and untreated virus (data not shown), but in all cases, the virus was 
clearly infectious. The u.v. absorbance profiles of the three 
preparations were essentially identical (Fig. 1), suggesting that little 
denaturation of viral protein occurred during chromatographic 
purification. The 230 nm/260 nm absorbance ratios and sedimentation 
coefficients were virtually identical as well (Table 2). There were no 
detectable differences in the electrophoretic migration of SMV coat 
protein (Fig. 2), and the preparations were detected equally in a M-Ab 
based biotin-avidin ELISA (Fig. 3). 
Purified SÎ-ÎV from plant sap exhibited a u.v. absorbance profile 
identical with untreated virus, and the 280 nm/260nm absorbance ratios 
were 0.81 and 0.82 for untreated and affinity—purified SMV, respectively. 
The proteins had identical electrophoretic migrations (Fig. 2), and the 
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affinity purified and untreated viruses were both infectious (Table 1). 
Virus morphology, as determined by electron microscopy of negatively 
stained preparations, was characteristic of SMV particles (Fig. 4). 
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DISCUSSION 
Some of our initial attempts to purify SMV by affinity chromatography 
involved unprocessed ascitic fluid bound to an Affi-gel 10 matrix. Small 
quantities of virus with typical potyvirus morphology were purified, but 
insufficient virus could be obtained for detailed characterization. The 
preliminary experiments showed, however, that more virus could be obtained 
with longer incubations on the affinity matrix. To obtain more 
quantitative results, purified S2 IgG was immobilized onto Affi-gel 10 
beads, and the virus was allowed to react overnight with the 
immunoadsorbent. Under these conditions, 0.3 - 0.5 mg of purified SMV 
could be obtained from the column at each cycle of purification (data not 
shown). By concentrating the virus from multiple cycles, it was possible 
to examine and compare several important characteristics of affinity 
purified virus with virus purified by using standard procedures. 
Previous work in our laboratory has shown that SMV is not stable at 
pH 3-0 in solutions containing 0.85% NaCl (McLaughlin et al., 1980). 
Furthermore, the virus dissociates at pH 3.0, in several other salt 
solutions as well (J. H. Hill, unpublished results). It has been shovm, 
however, that SMV is stable in distilled water at pH 3.0; this procedure 
has been used to isolate specific antibody to SMV (McLaughlin et al., 
1980). Because we did not know what effect incubation at pH 3.0 would 
have on SMV, we included purified virus incubated at pH 3.0 as a 
"mock-purified" control. " 
The infectivity of SMV was not significantly affected by either 
incubation at pH 3.0 or affinity chromatography. In some experiments. 
134 
affinity purified preparations gave higher or lower local lesion numbers 
than untreated or "mock-purified" controls. This may have been due to 
fluctuations in the sensitivity of the biological assay rather than to 
differences in the infectivity of the viral preparations. We have, in our 
laboratory, been unable to achieve a statistically significant 
relationship between virus concentration and number of local lesions using 
this assay (unpublished results). In all cases, however, all 
affinity-purified virus preparations showed some level of infectivity. 
Virus purified from plant sap also exhibited infectivity comparable to 
control preparations. 
The u.v. absorbance profiles, and 280 nm/260 nn absorbance ratios, 
were virtually identical for untreated, "mock-purified", and affinity 
purified SMV preparations. This suggests that there was very little 
dissociation of virus or denaturation of viral protein during 
chromatographic purification. 
To further analyze the effects of pH 3.0 incubation and affinity 
chromatographic purification on SMV protein, the electrophoretic 
mobilities of coat protein from the three preparations were compared. The 
coat proteins from all three virus preparations resolved into the 
characteristic fast- and slow-migrating bands typical of SMV (Hill and 
Benner, 1980). The relative electrophoretic mobilities of the bands were 
identical between treatments. The molecular weights of the fast- and 
slow-migrating bands, as determined by the method of Shapiro et al. 
(1967), were estimated to be 30,700 and 29,244 daltons, respectively. 
These values are consistent with previous reports of the relative 
molecular weight of SMV coat protein bands in 12% polyacrylamide gels 
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(Hill and Banner, 1980). Furthermore, SDS polyacrylamide gels of 
affinity-purified SMV from plant sap contained no detectable bands other 
than those from SMV coat protein. 
The sedimentation coefficients of affinity-purified and control 
viruses were essentially identical, and are similar to values reported for 
potato virus Y (Delgado and Grogan, 1966) and tobacco etch virus 
(Purcifull, 1966), two other members of the potyvirus group. The 
antigenicities of the viral preparations were found to be identical when 
reacted in a monoclonal antibody based ELISA. They reacted equally in the 
assay when tested at concentrations of 10 - 10,000 ng of virus/ml. Also, 
the morphology of the virus was characteristic of SMV. 
We conclude that purification of SMV on irnmunoadsorbent columns, 
prepared by using M-Abs, is an effective alternative for purification of 
this virus. If our results are indicative of what could be expected from 
larger columns, we estimate that a column with 1-liter of gel, containing 
1.5 g M-Ab (this could be obtained from the ascitic fluid of 10-15 mice), 
would have a binding capacity of approximately 200 rag of SHV and could be 
incubated with up to 400 ml of plant extract/cycle. This would be an 
extremely useful method for purification of viruses that are difficult to 
purify by standard procedures. The procedure is rapid, reproducible, and 
is capable of yielding highly purified preparations with a minimal amount 
of effort. The development of better affinity matrices and the use of 
M-Abs with higher affinity should make the procedure even more efficient. 
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Figure 1. Absorbance profile of (A) untreated virus, (B) "mock-purified" 
virus, and (C) affinity-purified SMV. AU three preparations were 
adjusted to approximately equal values 
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Figure 2. Sodium dodecyl sulfate polyacrylamide slab gel of (A) 
"mock-purified" SMV, (B) affinity purified SMV, (C) untreated SMV, and (D) 
molecular weight standards. The standards used were (1) phosphorylase B, 
92500; (2) bovine serum albumin, 66200; (3) ovalbumin, 45000; (4) carbonic 
anhydrase, 31000; (5) soybean trypsin inhibitor, 21500; and (6) lysozyme, 
14400 daltons 
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Figure 3. Comparison of antigenicity of untreated (O O), 
"mock-purified" (O O), and affinity purified (#—#) SMV by using a 
monoclonal antibody based ELISA. Capture S2 M—Ab was used at 275 ng/well, 
biotinylated SI M-Ab at 60 ng/well, and alkaline phosphatase conjugated 
avidin was used at 12.5 ng/well 
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Figure 4. Electron micrograph of SMV affinity purified from plant sap and 
negatively stained by using 1% aqueous uranyl acetate. Bar = 50 nni. The 
virus particles exhibit morphology characteristic of SMV 
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TABLE 1. Comparison of the infectivities of untreated, "mock-purified", 
and affinity-purified soybean mosaic virus 
Local lesions/half-leaf^ 
Affinity purified SMV 
b c 
Experiment # Untreated SMV "Mock-purified" SMV From Stock From Sap 
1 28 33 
25 30 
2 8 16 
33 48 
3 22 51 
4 12 56 
^Data are the total numbers of local lesions/8 (nos. 1 and 2) or 
10 (nos. 3 and 4) half leaves from leaves of Phaseolus vulgaris L. cv. 
Top Crop. Virus concentrations were adjusted to equal concentrations 
(absorbance 260 nm = 0.05 for experiments 1 and 2; absorbance 250 nm 
= 0.75 for experiments 3 and 4). 
^Stock virus purified as described by Hill and Benner (1980). 
'"Stock virus mixed with triturated 'Williams* soybean leaf 
extracts. 
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TABLE 2. Comparison of the 280 nm/260 nn absorbance ratios and 
sedimentation coefficients of untreated, "mock-purified", 
and affinity-purified soybean mosaic virus 
Treatment 280 nm/260 nm ratio Sediinentation Coefficient 
Untreated SMV^ 0.820 143.95 _+ .05 
"Mock-purified" SMV^ 0.818 144.0 
Affinity-purified SMV^ 0.316 144.0 
^Virus purified as described by Hill and Benner (1980). 
^Purified virus incubated 5 nin in 30 volumes of pH 3.0 DD-K^O 
before neutralization to pH 7.0. 
^Virus purified by affinity chromatography on M-Ab columns. 
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SUMMARY AND DISCUSSION 
Monoclonal antibodies can be useful reagents for studying the 
antigens against which they are developed. We have produced monoclonal 
antibodies against agriculturally significant plant viruses, and have 
shown their utility in a variety of applications. We have used monoclonal 
antibodies for studying the serological relationships among viral 
isolates, for analysis of viral epitopes, for developing improved 
serological detection schemes, and for affinity chromatographic 
purification of plant viruses. They may have applicability for a variety 
of other uses as well. 
Monoclonal antibodies produced against selected isolates of barley 
yellow dwarf virus have been shoTra, by using indirect ELISA with purified 
M-Abs and virus, to recognize either coiiur.on, group-specific, or unique 
epitopes on these viral isolates. Furthermore, by using competition 
ELISA, we have demonstrated the presence of multiple epitopes on the coat 
protein of the PAV isolate of BYDV. 
Alkaline phosphatase conjugated polyclonal antisera was incapable of 
recognizing heterologous, and dissociated homologous and heterologous BYDV 
isolates. Unlabelled polyclonal antisera would, however, bind both 
stabilized and dissociated homologous and heterologous BYDV isolates. 
Seemingly, conjugation of the polyclonal antisera altered its binding 
characteristics resulting in false reactions in indirect and double 
sandwich ELISA. Using either polyclonal or monoclonal antibodies, in 
indirect ELISA, we were able to demonstrate a serological relationship 
among the RC-PAV, P-PAV, MAV, and RPV isolates of BYDV. This was the 
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first conclusive evidence for a serological relationship among these viral 
isolates. Other researchers have noted weak relationships among the PAV, 
MAV, and RPV isolates, but they have discounted these as being due to 
anomalous, or non-specific reactions. We presume that the conmon-epitope 
specific antibodies in a polyclonal antisera preparation are often 
overshadowed by the reactions of group-specific antibodies. This would 
explain the low degree of cross-reactivity often seen among the two 
serological groups of BYDV when using polyclonal antisera. 
Monoclonal antibodies specific for common epitopes on the BYDV 
isolates were incorporated into a serologically specific electron 
microscopy procedure. The procedure was capable of detecting all the BYDV 
isolates tested, but would not detect the unrelated cowpea mosaic or 
soybean mosaic viruses. The procedure was very sensitive, detecting as 
little as 7.5 pg of virus, and specific: only BYDV was bound when SSEJl was 
performed on a mixture of BYDV and the unrelated soybean mosaic virus. 
This indicates the potential utility of îî-Abs in SSEI-I for detecting a 
broad range of BYDV isolates even in mixed infections with other viruses. 
Monoclonal antibodies directed against soybean mosaic virus were used 
to develop a serological procedure for detection of virus antigen in seed. 
The non-isotopic immunoassay we developed utilized a biotin-avidin 
detection system. The assay was more sensitive than a polyclonal 
antibody-based solid phase radioimmunoassay, and could detect less than 10 
ng of viral antigen/ml of seed extract. When field collected seed samples 
were tested in parallel with a polyclonal antibody-based solid phase 
radioimmunoassay and the monoclonal antibody-based biotin-avidin ELISA, 
the two tests correlated 94%. This suggests the utility of using M-Abs 
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for routine screening of field collected seed lots. Because soybean 
mosaic virus is seed-borne virus, a commercial seed-certification program 
might help limit dissemination of the virus. No such certification 
program is currently in existence. 
We have used monoclonal antibodies covalently attached to an agarose 
support matrix to immunopurify soybean mosaic virus. The virus purified 
by this procedure was shown to be substantially identical, with respect to 
several important biochemical, biophysical, and biological properties, to 
virus purified by conventional procedures. The u.v. absorbance profile, 
280 nm/260 nm absorbance ratio, sedimentation coefficient, electrophoretic 
mobility of coat protein, morphology, antigenicity, and infectivity of 
affinity purified virus was shown to be unaltered by immunoaffinity 
chromatography. This procedure may be applicable to purification of a 
wide variety of biological substances, and should be useful in 
purification of a number of plant viruses which have been difficult to 
purify by standard procedures. 
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